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FOREWORD

In 1964 a contract was let by the U. S, Army to the Institute for
Arctic and Alpine Research of the University of Colorado (Boulder) o
study the physical geography of a mountainous strip of terrain in Colo-
rado and Utah. <The strip {study transect) is 372 miles from west to east
and 70 miles wide, and is quite representative of the couthern and central
Bocky Hountains. The f{inal report of that contract, submitted in [.965,
is an accurate and comprehensive analysis of the transect, but it 'vas too
buiky for wide distribution in the Army. FPurthermore, the investizators
made no attempt to interpret thelr findings for military application.

This version of the study maekes that interpretation. As it roiats
out, military application of Information about a study area in wh!ch aetual
warfare is improbable must be based on the concept of environment:l arnalcgy.
That 1s, the regional environmental system characteristic of the llorth
American terrain described here, which has an only moderately moint cen-
tinental mountain climate, is known to have much in common with s milar
climate/terrain systems in certain Eurasian interior regions. Loi:alities
and regions on the two continents do not duplicate one anocher pr.cisely,
80 that environmental analogy is always a relative matter. Everything
else beipng the same, hcwever, a pexson familiar with the terrair :escribed
here will have much less 4ifficulty than one who is not in selviny terrain-
related tactical problems in environmentally analogous Eurasian ragions.
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ABSTRACT

The ¢rests and slopes of mountain ranges, and basin floors inter-
vening between them, aleong U. S. Route 40 between Salt Lake City and
the Denver-Boulder area, are described here by means of text, 70 photo-
graphs, and 8 maps with ciimatic and topographic data, The biblicgraphy
contains 570 entries. All of the highly varled terrain of the study
transz2ct ig found to be accessible to military forces, and it could
all be involved to one degree or another in any warfare which might
ocecur there. Actual warfare in the study transect is not envisioned, but

combat in analogcous Eurasian terrain is a possibility which cannot be dis-
counted for various reasoms.

Particular features of the terrain are examined and discussed here
with respect to the nature and extent of their characteristic environmental
rigors, their trafficability, the prevalence of defile problems, and
the potential usefulness of aerial mobllity. It is concluded that small
irregular forceas are at great advantage in high mountain terrain as com~
pared with large regular formations, snd that the military advantages of
advanced technology have until now been minimal there, but that azerial

mobility, which bypasses defiles, will alter that situation ia the near
future.
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PHYSICAL GEOGRAPHY AND MILITARY ENVIRONMENT
IN A TRANSECT OF THE UTAH AND COLORADO ROCKIES

I. The Scope and Purpose of the Report

ML This study describes for military readers a strip of mountains and
plateaus in the Rocky Mountains in which warfazre ig not foreseen. However,
L - the terrain of the study transect is comnsidered similar to that of broad
- regions iu mid-Asia which may be of increasing military significance. A
- useful degree of climatic, vegetative, aud topographic analogy exists
= between that part of the Rockies and parts of interior Turkey, northern
’ Irar, northern Afghanistan, northern Pakistan, Turkestan, the Altai region,
- northern Mongolia, and eastern Tibet, wherever semiarid, forested, snd alpine
= vegetation zones are all present and local relief dces not much exceed

: 6,000 or 7,000 feet. Even among the big mountains which exist in some of
= those regions, particular altltudinal wegetation zomes and their associated
= - slopes are beliaved to be quite like corresponding zones discussed here.

The Asian regions ligted above centaia diverse terrain. So does
that which is discussed and illustrated here, However, nothing described
in this study is analogcus to the severe environment of high Tinet, to
< the central deserts of Sirkiang and Mongolia, or to the great, treeless,
desert ranges which separate Tibet from Sinkiang and enclose the Tarim
‘ depression. The most extreme environments of central 4sia are more severe
b than anything in North America.

The parts of Asiz which are cited here as being analogoug in some
degree to the study transect have all for a number of centuries been remote
from any warfare which was either on a large scale or which disturbed the
! western world. However, the central location of those vegions made them
very important in earlier times, and the airmobile concept, together with
the continuing advance of aeronautical technology, may soon make them
critical sgain. While reading this report it might be well to consider
what response could b2 made to 2 strong airborne attack on any of several
lightly populated, mountainous plateau regions along the axial froutier
of Eurasia, and what the consequences might be to United States policy if
they could not be successfully defended.

This study is derived from the fipal report of Contract No. DA19-129-
AMC-472(N), submitred to this office by the Institute for Arctic and Alpine
Research of the University of Coloradec on 31 August 1966. That report was
written by John W. James with extensive contributions by Everett Peterson,
g and was edited by John W. Marr, director of the Imnstitute.
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The present vergion is greatly reduced in leagth snd has been entirely
rewritten ané mewly illustrzted, except whece credit is specifically given
to the prior report. Q(bjsctivas of the rewrite have been readability end
the Introduction of discussion and concepts linking physical geographic
findings to military appiication. The Institute report was particularly
strong in the climatic end vagetation fields, which have been greatly
condensed herve.

The format of the present report has been developed from that of the
illustrated section of the Iasritute study, which was very wall done but
was in color end stressed plant acology. Black and white haz been used
here for convemience in publicaticn, and the emphasie is miiitary.

Beginning with section III, each sectiom of thia report deals with
a subregion of the study tramsect. Each refers to sevsral photographs, and
vsually ends with a short military summary, as doas the report itself.
Figures 1 through 70 are photographs of landscapes referred ts im the text.

Figures 71 to 78 are maps which should be carefully studied and also
referred to while reading the text.

Figure 71 shows topcgraphy and the location of principal features in
the study transsct. Figure 72 shows the locaticns of Figures 3 through 70,
ich are views within the study transect. Figures 73 through 77 are clima-
tic maps prepared by John James for the contract report. Figure 78 shows
2ocal relief, which is a very important fsctor in the phyzical geography
of the study transect. Howsver, its presentation irn the form of a map
involives a new technique with which readers are not familiar.

Careful
attention to beth the map and the legend is reguested.
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II. The Continental Position and Climatic Character of the Study Tramnsect

+ The gtudy transect described here is about 70 miles wide from north
to south, is about 370 miles long from west to east, and is 600 miles from
the Pacific at its western end. It extends across the grain of the central

. and southern Rockies and is quite representative of that region. The
western half of the transeect is a zone beginning at Salt Lake City, Utah,
where it lies between :he 40th and 41st parallels. Its eastern half is
offset a few miles southward and then trends slightly south of east to
Denver and Boulder in Colorado. (See maps, Figs. 71 to 78.)

Distance from the sea, and particularly the Sierra-Cascade mountain
barrier betwesn it and the sea (Fig. 1), affect the climate of the tramsect,
and therefore its topographic ard biclogical character. The coastal mountain
barrier is important because it limits the flow of airborne moisture cto
the Rockies from the Pacific, from which most of their precipitation comes.
In this report the words "windward" and "lee" are used with reference to the
Pacific westerlies. The windward (west) side of g mid-latitude range is

generally fairly moist. Its east side is usually relatively dry aad is
termed its lee.

There is also a spring and summer counterflow of moisture into the
southern and central Rockies from the Gulf of Mexico which is reminiscent
of the Asiatic monsoon, though much less massive and regular. Occurrence
of the two kinds of moisture in that mountain region produces precipitation
regimes, and precipitation distributlons relative to relief, which are
. similar %o those in the westernmost reaches of monsoon influence in nerthern
Pakistan and Afghanistan. Pacific moisture falls in the southern and central
Rockies primarily during the six winter months (November to April). Summer
R precipitation is largely Gulf moisture, plus moisture evaporated from the
land and re-precipitated. Much of it falls as summer thunderstorams which
would be dangexous to troops stationed on high range crests.

Thg relative importance of the two major precipitation scurces can
be foilowed climatologically across the study transect by noting the relative
strength of local precipitation maxima in winter and summer. From the
Uinta area eastward, low-lievel gtations and those in particularly sheltered
valley and basin sites even &t moderately high levels generally have
summer, spriag, or autumn maxima of precipitation. In that part of the
transect the prevalence and strength of winter maxima (precipitation derived
from the Pacific) are related to amnual precipitation amount, and therefore
generaily increase with altitude, whereas such maxima are usual at all
altitudes both in the Wasatch and in the valleys and hill, betweea that
r rangz and the Uintas.

Looking more closely at the climatic pattern in oxder to understand
its detailed relationship to topography, it is seen that the most funda-
& mental geographical coatrol is the invarse relationship which is described
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below between temperature and altitude. Its effects are strongly reinforced
by those of a less rigorous but nevertheless strong positive correlation
between precipitation and altitude,

To those two correlations between climate and altitude we probably
should add a third for the levels we are concerned with in the study transect.
It is due to an inverse relationship between thermal radiation and cloud
cover., However, cloud cover, like precipitation, is correlated only in
broad terms with altitude, since both diminish in the lee of ranges and do
not always rise to their highest crests. Furthermore, summits get
gtrong radiation in clear weather.

Those congiderations tend to offset, but do not caancel out, the
fact that within the limits of altituile which most concern us herse, cloud
cover increases over mountain ranges, particularly over the western slopes
of those which are transverse to the westerly winds, and that the clouds
reduce the mean f£lux of thermal radiation there. On the whole, cloud
cover is light in the study transect, so that its temperatura and radiation
regimes show strong contrast between day and night znd between suimmer and
winter. With regpect to air temperature, station data indicate that such
contrast diminishes with altitude.

Data are insufficlent to support a similar statement about the
radiation fiux, but on the whole it alse probably diminishes upward
within the altitude range which concerns us here. 1In that respect, as
in various others, the Rockies seem to differ from the Alps, which have
persistent lowland cloud iam winter and therefore have a reiatively
stronger radiation flux on their uplands, particulariy in lee regions.

Generslly speaking, summer temperatures in the study transect decrease
3.3 Fahrenheit degrees per 1,000 feet of elevation. At 5,000 feet,
which is low in the transect, July mean temperatures are between 66°F
and 77°F at various stations. At 8,500 feet they are between 55° amd 65°.
Upward extrapolation of that rate in the transect agrees reasonably well
on the whole with the widely accepted rule of thumb that thermal timber-
lines approximate the S50°F mean July isotherm. However, the 10,000-foot
timberline of the Wasatch above Salt Lake City is apparerntly depressed
telow that level by heavy snow.

A similar altitudinal thermal gradient would exist in the transect
in winter, with January temperatures at any given level roughly 40
Fahrepheit degrees lower than in July, except that strong thermal inversions
occur in all of its basins at that season, even at relatively low levels,
Under the clear skies of the Uinta basin the difference in mean temperature
between July and January is therefore consistently greater than 50 Fahrenheit
degrees and approaches 60 Fahrenheit degrees near and below the 5,000~
foot level. The lowest stations in the Basin average 15°F or less in
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January, as compared with 25°F or more at that level near Salt Lake City.
At 11,000-foot timberlines in the transect, Janvary mean temperatures are
believed to be very little colder.

Most other climatic stations in the study transect also have basin
sites, but they are either cloudier or better ventilated in winter than
the Uinta Basin. Their annual ranges of mean wonthly temperatures nearly
all lie between 40 and 50 Fahrenheit degrees.

To put our discussion of the study transect in a broader geographic
context, let us consider Figures 1 and 2 which show ranges between it
and the Pacific. The Cascades (Fig. 1) get heavy precipitation, whereas

precipitation in the Ruby Range (Fig. 2) is no more than in some Rocky
Mountain ranges.

Figure 1, The Cascades, together with the northern Sierras, are the
principal topographic barrier sheltering the central and southern Rockies
from cloud cover and precipitation. This view of Snowfield Peak in the

Cascades in July 1968 will permit comparison of their landscape with that
of the Rockies.

Figure 1. The Cascades
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Snowfield Peak is 8,350 feet high, with a2 6,000-foot timberline.
Many non-volcanic peaks in the Cascades stand higher above the tree line
but only one exceeds it by 3,000 feet. The alplne zone in the study
frangsect usually begins near 11,000 feet. It r:ses to peaks 2,50C feet
above timberline at only one point outside the Uoloradc Front Range and
ig less than 3,000 feet higher there. The altitudinal depth of the alpine
zoue in the two regions is thus comparable if we leave the high Cascade
volcanoes out of consideration.

This peak stands 50 miles from the western edge c¢f the Cascades and
60 miles from tidewater, surrounded by dozens of peaks of equal or greater
magnitude. At ics base the Skagit River rums at an altitude of only 500
feet, and can carry to the sea the detritus generated by this big and
rugged terrain only because it is fed by heavy runoff from precipitation
which is known to approximate 100 inches per year in such sites. To do
even roughly equivalent work the less vigorous runcff from the study
transect requires congiderably greater gradiente at any given distance from
the headwaters of its strzams. Furthermore, those ranges are far from
the sea.

Streams draining the Rockies must therefore originate on plateaus
which lie wery high relative to range summits there. Local relief,
which is 7,850 feet in this view, is a major tactical consideration. It
is greater here and over much of the northern Cascades than in any part
of the study tranmsect, though absolute altitude is much greater there.
Alpine peaks seen in this view are within easy reach of helicapter airiift,
whereas those of the transect are close to the present operationsl limits

of such craft.

Precipitation in the Cascades, like that of the moistest ranges of the
Rockies, nearly all falls in autumn, winter, and spring. Summers are
usually dry, with a high foresc-fire hazard. Because the range is cloudy,
moist, and mild, January and July mean temperatures at timberline differ
by only about 25 Fahrenheit degrees. At transect timberlines the
correspending difference is nearly 4Q Fahrenheit dzgrees, so that
January mean temperatures there are generally near or only a few degrees
above 10°F.

For reasons which are basically climatic, Cascade timber is much larger

than that of the traasect. Douglas firs in the Cascades are commonly

200 feet high and 6 feet through at the base. Sierra sequoias are commonly
aalf again as high and are twice or three times as big at the base. Most
conifarous timber in the Rockies, which includes many Douglas firs, is

a fifth or a tenth as large as those of the Cascades. Except in burant

or logged areas, which are now very extensive, and on avalanche slopes,

the Cascade forest is dense and essentially continuous below timberiine,
whereas the montane forest of the Rockies, in particular., is sparse and

has many natural openings.
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Sixty-five miles east of this site the Cascade forest ends at
the lee margin of the range (Okanogan, Washington, %00 feet, 11.6 inches
of precipitation per year). A semi-arid "intermontane" climate and
vegetation become egtablished there and these extend over vast areas to the
~outh and southeast of that point between the Cascades, Slerras, and
Rockies. Their mountainous aspect is represented here by Figure Z.

Figure 2. The Ruby Range, Nevada, September 1968. This range stands
11,349 feet zbove the sea on a 5,000-to 7,000-fcot plateau, 20U miles
west of Salt Lake City and 300 miles east of the Sierras. Few intermontane
ranges are high enough to be compared very clossly with the Rockies, but

this view suggests that, level by level, environmental differences are
nct great.

The plateau hers gets about 12 inches of precipitation per year. The
range iz known to get amounts in exceas of 20 inches and presumably gets
twice that much at its 10,000~fcot timberiine. Vegetation and glacisi
topography near timberline in this view are much like those of all ranges
in similar latitudes which have similasr precipitation regimes and height
above timberline.

Figure 2. The Ruby Range




Pacific air masgses which pass over the Sierras and Cascadeg have had
most of the moisture wrung out of thelr lower layers by those rangesd.
In this view, & narrow band of open tiwber, much interrupted by cliffs,
therefore gives way downslupe first to chaparral similar at least in form
to that of the Sierras and Waeatch, aad then to sagebrush (4rvemssis,
called wormwood in the Old World, and associated desert scrub species).
The sagebrush vegetation community is widespread on central Asian stzppes,
as well az on Rocky Mountain and intermontane steppe topography (basin
floors) in this country.

Most intermontane ranges (those between the Cascades, Sierras, and
Rockies) are conziderably lower than the Ruby Mountains and, 1like them,
lack drainage to the sea. Being lower, they gemerally have nc timber
except sparse pinyon pine and jumiper, or other drouth~registent pines,
on a faw ¢rests. The Snake Range (13,058 feet), further south in sastern
Hevada, is another exception to that rule, howevar. Precipitation which
falls on the Baszin Rang2s is all re-evaporated and is then mostly ecarried
eastward again to the Rockies by the prevailing westerlies. For that
reason, and because of their general lack of height, the intermontane
ranges can be said nut to have very much effect on the character of aix
masgses traversing them, and therefore on Rocky Mouantain ciimate, particu-~
larly ip comparison with thke strong effect of the Sierra~Cascade crest.
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I1XI. The Wasatch Barrier

The uplifted eastern side of the Wasatch Fault forms a high and
narrow mountain range extending about 125 miles north and 75 miles south
of Salt iake City., The fault scarp thus faces away from the Rockies
toward the intermontane region and the Pacifie., In its highest part
the range rises to 11,750 feet and has 7,000 feet of local relief. It is
about 15 miles wide east of the city, but is narrower elsewhere. As a
military obstacle it is analogous to ranges in the 0ld World which are
toc narrow te shelter independent buffer states but, like the Pyremnees,
have long been staole frontiers because of their effact on the operations
of any large, closely organized, military force.

Because nearby settlements depend on Wesatch water, they cluster
under the highest part of the mountains just as oases do under Central
Asian ranges. Much of that settlement is within the latitudinal limits
of the study transect. Within the transect, Prove and Spanish Fork
canyons carry Routes 185 and 50 through the mountain barrier below 6,000
feet, as Weber Canyon does Route 80N just to the north. At Salt Lake
City, Parley's Canyon carries Route 40 (now Interstate 80) through the
Wasatch at about 7,000 feet. Such narrow low-level gaps serving a
large population would be of great importance if the range were actualily
a military obstacle. Provo Canyon is therefere described more fully
lzter.

Figure 3. The Wasatch Range at Sait Lake City, September 1968. The
western base of the Wasatch, which is the line of the Wasatch Fault, also
approximates throughout much of its length both the 5,000-foot contour
and the old shoreline of Pleistocene Lake Bonneville. The shoreline is
a level topographic bench visible here just above the domed roof. That
level at the range base gets roughly 15 inches of precipitation per year,
mostly in winter. That is somewhat more than falls on the basin flcor
away from the renge.

John James' climatic maps demcastrate that the old shoreline level
is somewhat milder in winter chan levels either above or below and is
less hot in summer than those below. The Salt Lake airport, about four
miles from thes nearest mountains, gets about 14 inches of precipitzaticn
per year, averages 56 days per year above 90°%F, and has a mean January
temperature of 27°. Night temperatures (umean daily minima} average
17.5° there in that month. The 2nnual range of mean monthly temperatures
at the airport is 50 F7.

Timberline in the Wasatch is about 10,000 £feet above sea level and
gets 50 or more inches of precipitation per year. Peaks reach 10,242
feet in this view. The timberline zomne has no frost-free season, has
absvlute maximum temperatures in the low cr mid 80's, and has few mid-
winter thaws. Alpine climate in the Wasatch is considered quite like
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Figure 3. The Wasatch Range at Salt Lake City

that of the high, relatively dry, eastern and southern Sierras. Its
annual renge of mean monthly temperatures is a few degrees below 40°%,

Sagebrush and grassland go almost to timberline on dry, sunny,
Wasatch ridges, though not on the shady subalpine slopes in this view.
Subalpine fir and Engelmann spruce (the subalpine vegetation zone) descend

here to roughly 8,000 feet, interfingering hiroadly there with montane
vegetation.

The term "montane" appiies here to all plant communities characteris-
tically found on mountainsides below the subalpine zone but not to
communities characteristically widespread on level or nearly level ground
a2t the same or lower levels. In the Wasatch, upper montane plant
communities include remnant groves of Douglas and white fir (Pseudotsuga
and Abies), stands of lodgepole pine, and staunds of aspen. Especially
prevalent in the lower montane zoune is the oak-maple deciduous chaparral
seen on the near slopes, where it characteristically breaks into circular
clumps at its contact with lowland vegetation (varicus introduced grasses
and herbs here, sagebrush elsewhere). Alpine meadow is extensive at
timberline in the range but becomes sparse for lack of seil on high crests.
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Figyre 4. Little Cottonwood Canyon

Figure 4. Little Cottonwood Canyon, September 1968. This canyon
heads above timberline on the Wasatch divide, so that it carries no through
route. Its highway leads to Alta, a ski resort near timberline at its head.
This is the only Wasatch gorge which ever carried glacial ice to the base
of the range. Various other canyons have been similarly broadened by
glaciers, but only in their upper parts. Debris from the Wasatch glacier
system formerly descended many canyons to the sho:#s of ancient Lake
Bonneville and was then distributed along the lakeshore by waves and
currents. Consequently, stony mountain soile now give way abruptly at
that level to sands, gravels, and good agricultural silts.

Lone Peak, right, rerches 11,253 feet. The range here is of massive
granite and relatively high grade metamorphic rocks. In this view and in
Figure 5, the steepness of the range is minimized by views which look up

sloping fan surfaces to the range base. The fans appear ievel but actually
climb one or two hundred feet per mile.

Figure 5. American Fork Canyon, September 1968. This is the
unglaciated mouth of a gorge which has been cut in sedimentary strata that
are nct strongly metamorphosed. However, the adjacenr fault scarp (range
front), and the canyon walls themselves, are not weathered back much more
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Figure 5. American Fork C.-yon

than those cut in somewhat more resistant rocks near Little Cottonwood
Canyon, nor are they much dissected by lesser gorges. Mount Timpanogos,
11,750 feet, is whitened here by early snow. Cold air moving east over
the Wasatch in winter and spring drains down these gorges to produce
frequent strong breezes a.d ocrasional violent winds at their mouths
(severe damage two or three times per decade). During a century since
settlement, 300 flash f£loods have been recorded from such canyons,
mostly due to thundersto.ms in the range. Excessive grazing, logging
and burnipg have permitted severe damage to both mountain and lowland
scils west of the Wasatch crest by thunderscorm precipitation and floods.
Forest is seen to have been severely depleted both here and in Figzure 4.

Figure 6. The Alpine Zone near Alta, Utsh (Little Cottonwood
Canyon). Early June 1962. The climatic station at Alta (8,760 feet,
at the canyon head) probably represents reasonably well the upper sub~
alpine zone here, in which snowcoverad meadow is seen to be extensive.
It aversges about 55 inches of precipitation and 450 inches of snowfall
per year, has had 64 inches of snow in one storm, 2nd has had a maximunm
of 180 Inches (15 feet) of snow on the ground. Midwinter mean temperatures
here are below 20°F and strong thaws are rare at that season. Most of
the < now here will be gone in a month; none of it will last through the

12
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surmer. The distunt snow

on the horizon lies osr the

alpine lUintas 40 miles »
east.

Winter occuprncy here
by minere and skiers has
been greater thzn ia most
of our high westem vanges,
and avalanche damage and
casuslties nave been pro-
perticnately heavy, though
not heavy enough to
seriously deter skilers.
Forest Service avalanche
studies have therefore
been conrentrated at Alta.
Snow in the Wasatch is
characteristically almost
as deep, but much lighter,
than that of ralny west-~
facing Sierra and Cascade
timberlines, where the
snowpack thaws throughout
nidwinter at its base,

The capyon floor here
descends 5,000 feet west-
ward in ten miles. Summits
near the range divide at
the canyon head are slightly .
legs high than thosge near
the range front {11,049
vg., 11,253 feet)., This
view emphagizes the
especially steep north
wa2ll of the canyon. Spur

Figure 7. A timberline basin

ridges are longer and enclose extensive timberline basins (¥Fig. 7) on
tle south wall (right).

Figure 7. A Timberline Basin, early Jume 1962. VWhereas slopes below
the subalpine zone on the west flank of the Wasatch are eordinarily steep,
or even cliffed, as ir Figures 3 to 3, broad alpine benches (alp slopes)
&re cymmon in that range near and above 10,000 feet (timberline). This

14
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tasin (a Pleistocene glacial source-basin or cirque) lies above the south

wall of Little Cottonwocod Canyon roughly halfway between its mouth and its
head.

Ski or snowshoe trafficability is good here under favorable winter
or spring conditions except across ridges, in especially dense conifers,
and over the exposed coarse boulderfields along rock glacier margine (the
lobes descending here from the right wall of the basin), (See Fig. 8.)
Such barriers may require that skis or snowshoes be removed and carried, and
may be an awkward passage particularly for people carrying skis. At other

times, oversnow movement can be difficult and hazardous because of avalanche
conditions, or because of scft, crusty, or icy snow.

Summer foot trafficability iz excellent locally here but is slow cn
steep ground, in dense timber, or on coarse boulderfields. To the extent
that cliffs exist around the rims of such basins they are not only a
trafficability problem but could also force troops into defiles through
which they could pass only cne by one, or a few at a time, However, the

alpine Wasatch is rugged only locslly and cliffs are quite discontinuous
on many of its crests, as in this view.

‘ Figure 8. Brighton Basin, July 1962, View east, The ski resort of
Brighton, 8,740 feet, is seen here on the main basin floor (cirque floor)

Figure 8. Brighton Basin
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below atd to the right
of the reservoir.
Precipitation is about
40 inches per year
there and, as elsewhere
in the high Wasatch,
about 70X of it falls
in winter. The forest
is subalpine spruce-
fir. The basin floor
has never been warmer
than 87°F during the
period of record and
has no frost-free
Sez2son.

The soll~free
toulderfield (felsen-
meer) in the near
ground cverlies a deep
matrix of permafrost in
bouldery silt, which is
icy enough to permit
slow glacial flow.

Talus or moraine materilsl
is thus reworked by
gravity intc "rezk
glacier™ lobes, the
snouts of which may be
unstable and hazardous.
Frost heave apparently
sorts the upper layer

of such masses, bringing
a mantle of especially
coarse soil-free
boulders (the felsenmeer)
to their surface.

Figure 9. Cliffs, talus, and rock glacier, Figure §. Gliffs,
Brighton Basin Talus, and Rock Glacier,

Brighton Basin, July 1962,
The boulders of this felsenmeer are crystalline metamozphic rock. Crevices
i among them are chkilly because soil-ice lasts through the summer in their
depths. Neverthelees, with some labor, the larger ones could be wade imto
good concealment and defensive positions for troops. Such boulders are
laborious, but not dangerous, to march over except where they lie
precariously on steep slopes.
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The cliffs behind the boulderfields are not a serious obstacle to
. either individual climbers or small grcoups. Even the best routes through
them do constitute defiles, however. To the narrowmess and steepness of the
gaps (cols) seen on the skyline here would be added the problem of rockfall
. set off by the first trocps of a formation, endangering those behind. If
only one man can pass such a gap per minute, a thousand men will take
almost 17 hours to pass. Such barriers thus have a much greater effect
on large unit mobility than on that of small, irregular, formationms.

In early summex, late-lying snowfields such as those shown have
become dense and are easily traversed during midday but freeze hard on
clear nights so that steps would have to be cut to traverse their steeper
parts, and ropes then used to prevent unchecked falls. By late summer, no
snow remains in the Wasatch. The problem is much more severe and lasts
through the summer in many .1anges elsewhere in the world.

Figure 10. Alta Upper Cirque, September 1968. This terrain is quite

simjlar to that seen in spring in Figure 7. A large military formation
could be agsembled in these trafficable meadows and in the open timber of
this ancient glacial source-basin, or could be deployed and supplied on
the rim of the basin from this point. Once in position, such a force

X & r}‘;&;}g‘ Tals
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2 Figure 10. Alta Upper Cirque
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weuld be hard to dis=-
lodge, but it could
be encircled or over~
passed by an airmobile
force.

Defiles in the
passes and cols of the
rim of such a cirgue,
and downvalley also if
the valley highway were
blocked, iould generally
prevent overland move-
ment of such a2 formation
as a unit., Though
these slopes are rela-
tively smocth as
mountainsides go, they
are stony, and might
cause a number of
fractured ankles during
the landing of any
slzeable parachute force.

On the other hand,
helicopter access to
this 9,400 foot level
is aiready good and
will improve. For ex~
ample, shortly before
the 1967-68 ski season,
a civilian Sikorsky
S-61-A helicopter with
a payload capacity of
8,000 pounds at sea
level was used to
install a number of
5,000 pound eteel 1lift
towers in the Alta

Figure 11. Avalanche slopes and steep timber, system, the highest of
Alta. which was at 10,000
feet.

Figure 11. Avalanche Slopes and Steep Timber, Alta, September 1968.
Timber clearance, damage to timber, and landforms shaped by avalanche
erosisn (gullies, called couloirs, on the peszk and an abraded slope in the
middle ground), are photointerpretive and field keys to seasonal avalanche

18
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hazard., The steep open slope here is heavily skied under favorable winter
conditiong but is very dangerous at times. Such slopes at Alta are
regularly closed to skiing when avalanches are predicted. Because the
snowslides tend to diverge from ridges before becoming dangercus, however,

timber often persists on ridge crests and indicates a safe route of asceny
under most conditions.

»

y

Military summary: the Wasatch barrier: The high Wasatch is not as
favorable to irregular, as compared to regular, forces as a were rugged and
extensive range might be, but it does illustrate the difficulties which
prevent movement of massed troops on such ground. On the other haud, the
terrain permits moveument by small knowledgeable groups under favorable
conditions even in winter. Aerial mobility would solwe the basic problems
of operation by regular troops in such terrain, but even so they would reed
experience in mountains if they were to suppress small unit enemy opera-
tions, such as road, water supply, and powsr supply demolitions, particu-~
larly at night, in storm, and in winter. Good understanding of traffica-
bility problems and of natural hezards in mountains would be needed
here both by operation planners and by troops in the field.
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Figure 12. Shadow slope, Provo Canyon
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IV. A Gap in the Wasatch (Provo Canyon)

From the Heter lowland and the Deer Creek Reservoir (5,500 feet)
east of the Wasatch, the Provc River descends thrcugh a narrow canyon to
Utah Lake (4,483 feet) west of the range, crossing the 5,000-foot contour
halfway. Throughout the central five miles of the canyon, about a mile
separates the 6,000~foot contours on its slopes, and two miles the 8,000-
foot contours. Canyon wall crests are at 19,000 feet on both sides, and

the Tiwpanogos massif exceeds 11,500 feet about three miles northwest of
the gorge highway.

Figure 12. Shadow Slope, Provo Canyon, view southwest, early June
1962. The conifers are white fir (Abies) and Douglas fir (Pseudotsuga),
giving wey upslope near the current snowline to Engelmann spruce and alpine
fir (the subalpine zone). Below the late spring snowline seen here, few
glopes other than cliffs and outcrops are oper ground. The grey tone on
apparent open ground here is leafless oak chaparral (demse scrub much like
Mediterranean maquis except that it is not evergreen). Montane vegetation
here is quite characteristic of that of shady slopes at that level
throughout the Wasatch. Use of the gap by highway, rail, pipeline,
powerlines, and irrigation ditches, is well shown. All such services, as

well as military communicatiorns, would be endangered by militarwy operatioas
ir the gap or on the raage.

Figure 13. Sun slope, Provo Canyon
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Figure 13. Sun
Slope, Provo Canyon,
September 1968. Deci~-
duous chaparral of oak,
maple, and mountain
mahogany shortly before
losing its leaves.
Maples are usually
larger, globular, and
lighter-~toned here than
other shrubs. Some
grassy openings follow
dry ridges. This is
characteristic Wasatch
vegetation on sunny
montane glopes. Vivian
Park resort is just to
the left of the photo-
graph,

Figure 14. Detail,
Oak Scrub, September
1968. Thig vegetation,
about 8 feet high, forms
the shrubby matrix of
the deciduous chaparral
growth in Figure 13.
It is excellent defen-
sive cover. It remains
a serious obstacle to
movement in winter,
but it then provides
much less concealment.

Figure 15. A
Still Drier Montane
Slope, September 1968,
above Vivian Park.
Figure 14. Detail, oak scrub Relatively open chaparral

of oak (foreground) and

mountain mahogany, about & feet high, with sagebrush and other low shrubs.
A fir forest is opposite on a shady slope.
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Figure 15. A still drier montane slope

Military summary: Provo Canyon. If such a passage could be occupied
without resistance, the alpine Wasatch might be of little military impor-
tance. However, topography and vegetation would combine to make secure
passage difficult to obtain against established resistance by even a
few men.
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V. The Back Valleys of the Wasatch

A zone of about 20 miles intervenes between the high Wasatch and the
nearest timberlines of the Uinta Range to the east. In it valleys de-~
scend to 5,600 feet but are wmostly higher. Hills exceed 9,000 feet in
a number of places but lack timberlines. Precipitation is generally im

the 15- to 30-inch range, falling mc:tly in winter, as in the Wasatch
proper.

Figure 16. Timpancgos from the Heber flats, September 1968. These
flats are at 5,600 feet and get 15 inches of precipitation. Timpanogos
is 6,150 feet higher (11,750 feet). The fog bank marks the eastern moutl:
of Provo Canyon, from which it has emerged during the night. The
foothills have oak-maple scrub, their foot slopes sagebrush. The high
range has aspen, spruce~fir forest, alpine vegetation, and a light fall of
early snow. HNear Timpanogos the range is only about ten miles wide and
would provide little room for maneuver by irregular fosces. Nevertheless,
small units might be hard to find in the montane chaparral, especially if
they had many local sympathizers.

Figure 17. The Back Valley Zone, September 1968. A view across inter-
vening hills toward the high Wasatch from near Francis, Utah, fifteen miles

Figure 16, Timpanogos from the Heber Flats
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Figure 17. The back valley zone

to the east. Bottomlands have cottouwood trees and hayfields. The rocky
bench has sagebrush and some oazk. The higher hills have cak-maple chapar-
ral, with some aspen and fir or lodgepole pine forest. HNotice that the
montane conifers are confined to shady slopes.

Military summary: the back valley zone. Hills and ozk chapazral are
the main tactical and trafficability problems im the back vzlley ares.
Some defiles thereé might ceriousiy delay troop movements 1f they were
strongly defended. Nevertheless, the area would be a suitable landing srea
for an airmobile force overpassing the Wasatch, for example.




VI. An Qverview of the Uinta Rauge

Beginning at a point 38 miles east of the high Wasatch, the resistant
Precambrian quartzites of the Uinta Range stand continucusly above an
11,000 fnot timberline for 57 miles in an east-west direction. Kings Peak,
13,498 feet, stands almost 2,500 feet above that level. No road crogses the
range in that distance. Nevertheless, because they lie parailel to the
prevailing direction of the molst Pacific westerlies, and are in the lee cf
the Wasatchk with respect to them, the Uintas seem to cause less uplift of
such air, and to get less orographic precipitation from it, than do the
Wasatch, which are nearly 2,000 feet lower., John James has therefore mapped
the Uinta crest as having "over 45" inches of precipitation per vear as
compared with "over 55" in the Wasatch, yet data are scant and the estimate
may even be high.

Eastward along the Uinta crest summer precipitation, largely from
thunderstoirns, is believed to become relatively more important as winter
snowfall and total annual precipitation dwindle. That conclusion is supported
by scanty and barely relevant instrumental data and by observation of late
spring snow cover (Figs. 20 to 22 and much unpublished photo coverage).
Pleistocene glacial erosion is also seen to have been much less vigorous
eastward for lack of smow. Consequent topographic differences are of military
interest. The range crest is much less sharp, and therefore more trafficable,
in the east because of prolonged weathering of the upland surface, and
incomplete glacial dissection. However, troops on the broad, boulderfield-
mantled, summit domes there could easily find themselves half an hour or
more from shelter im thunderstorm weather.

Beyond the ends of the continuously alpine Uinta crest, plateaus

and isolated summits of the range descend gradually both to the Wasatch
back walley zone westward and across the Colorado border southeastward.
Noxth and south the range steps down in less distance, first from an older
summit-crowned erosion surface to a lower and younger one. then to canyons,
and finally to broad irrigated basins eroded in poorly consolidated ancient
{Tertiary) deposits. The alpine spurs and outliers cf the raange occupy

a zone 15 to 25 miles wide centered oa itz comntinuously alpine part.

Figure 18. Mt. Hayden, 12,475 feet, and Mt. Agassiz, 17,400 feet,
are seen here.during July 1962 from the southwest at Bald Mountain Pass,
10,600 feet, the nearest road crossing west of the continuously alpine
Uintas. Stony meadows and opan subalpine forest occur throughout the
range on very wide cirque floors, which have much less than the normal
relief on such floors except where they are trenched by canyon heads.
Ulata cirque headwalls are strikingly regular stratified rock walls
separated from forestzd basin floors by talus and rock glacier.

In the valley between this point and the peaks, mean precipitation
during three summer months totals 7.3 inches, leaving 30 inchas to fall
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Figure 18, Mcunt Hayden and Mount Agassiz

during the rest of che year, as compared with 4.5 and 37 inches at Brighten
in the Wasatch. Pacific moisture is thus seen to be less important here.

Figure 19. Agassiz fiom Hayden, July 1962. <Characteristic develop-
ment of crests and basins In the more glacial parts of the western Uintas.
The flar basin-floor gradients are typical. Most Uinta cliffs have much
loose rock, but in a2 pinch these could be climbed at almost any point.
Boulders on talus above rock glaciers (here largely snow-covered), and
those on rock glacier snouts, are often dangerously unstable. Rock glacizr
motion has not everywhere been sufficient to form distinct lobes at the
base of headwalls., Oa the other hand, a zone of well-developed rock

glacier is continuous for several miles at many headwall bases, as in
this view.

Figure 20. Soprimg Snowcover inm the Glaciated High Uintas, view
south, early June 1962. Lamotte and Ostler Peaks are to the left, 12,600
and 12,400 feet. Agassiz, Hayden, and other pesks rise to the right
beyond the Stillwater Fork of the Bear River. The southern peaks of the
Wasatch are seen about 60 miles away to the right. 411 this snow is

seasonal, though it lies somewhat later than that of the Wasatch because
of its greater zaltitude.
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Figure 21. The “ilbert Peak pediment, Northern Uintas

. Figure 21. The Silbert Pezk Pediment, Northern Uintas, early June
1962, view east. Landscape analysis in this locality by Wilmot Bradley in
1937 was critical to our understanding of such ramps as thosz seen herz on

. the north flank of the range. Probable close analogs of these ramps in Asia
are cited by Suslov and other Soviet authors as warped peneplains, a

3 description formerly used for them in the Rockies.

The individual range-~margin ramps here are relics of a continuous
ramp (a desert pediment) developed vnder dry climate dering the Tertiary
period (prior to the ice ages) and later dissected by streams and glaciers.
Fediments like the former continuous Uinta ramp are still being formed on
the flanks ¢f modern desert mountains, and have the appearance of the basin-
floor surfaces in Figure 2. These ramps are believed to have been cvt at
about their prasent height and with their present gradieant by occasional
floodwaters descending high-gradient intermittent drainage lines. The
erosional vigor of such floods tends to be exerted laterally rather than
X downward because of their heavy bed load, thus acting to plame rather than
to dissect the surface. Tactical environment in the presence of such broad
ramp surfaces is guite different from that in more uniformly broken mountain

terrain.
b
. Figure 22. The Two Major Pediment Surfaces, Southeastern Uintas, view
> north. The Pole Lake (Elkhorn) Plateau and Whiterocks Basin, sarly June 1962.
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In the northern Uintzs, two Tertia:zy pedimentarion levels occur especially
widely and were described by Brzdiey ney are also clearly seen in this
view on the south flank of the ranpe, where a phcroinrerpretive ficld check
vas recently made in suppcri of this study. Range crests which ence rose
above the upper pediment level here have largely weathered away. The divide

on the left skyline is at about 12,600 feet. Timberline is at about 11,000
feet.

Bradley called the twsc pediment systems :the Gilbert Peak surface
(upper and older), and the Bear Mountain surface (lower and younger). In
this view the former is entively alpine and the latter subalpine, with
spruce-fir forest. Tertiary surfaces hevre were topographically less simple
than the original Gilberr Peak suriace onze was in the area of Figure 21.
They formed a basir which is now ervicely c:icupied by the younger surface,
and surrounding ridges tc whizh it has stiii not aztained. The Bear Mountain
surface, having itself undercut the Cilbaxt Peak system, has since been
undergeing disseztion by Pleistccene <anyons (the Whiterocks Canyon in this
view, right), bar has also gained area ac <he result of glacial cirque erosion
at its upslope macgin along ~the 1nt9rpa diment scarp.

>zene development ~f the Bear Mcuntain pediment
adened va1lev= has prebably been much like that of
tbe gr2at rangs <h:s pawed in Turkestan. Those
pine ov alrine meadows bezause the Pamir Range
ei tozene z2icng with Tibet, whereas Tertiary

: repiaced at the supzlpine level here by forest.

Terctiary arnd Pleist
he:e as a svsfen of bro

the "pamir" pasturelands s!
pasturelands are now scbal
was uplifted during the Pl
desert vegetation has bees

b /)

It appesars here that muzh stteam ercsion has occurred in the Whiterocks
Canyon since it was jast cccupied bv “ce, and that it has never been glacially
eroded tc the degree that the Duchesrpe Zanyzcn has in the western Uintas,
for example. The Ice Age glecial sys:ewn nere were fed primarily by snow
drifted from the bald Gilbe:t Pezk upiands, and were therefore most active
aleng the interpediment scavp, grzding cicque floors there to accordance
with little-modified pediwent suxfaze dovnslope at rhe canyon rim.

The resuit is =2 «¢
surfaces (Terstiary pediment
separated from the br

e el rcpographic syster  The two graded
v whrch were zut on the Uints quartzites, are
«owis~d basins flankirg the range by a range-
margin scarp, which par'ly falicws the contant 3: hzrd meantain rocks
and soft lowland ones t wrich hae bzea rexdered less simple by canyon-
cutting in the margin ¢Z zhe gia-tzites below the Bear Mountain level.
Within itself, the quarvizire uzland is traversed, as in this view, by
the intricate interpediment sc¢ . s broadly interfingering
Gilbert Fezk and Bear Meuncarn d-.enr remnants, which are vespectively
alpine and subalpine :n rbis —view. In Figere 21, cthe Gilbert Peak suriace
was seen tc slope nerthwavd into the subalpine zone all along the mountain
front. Behind the camera herg, the Bear Mountain surface similarly
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descends from subalpine levels into the upper montane vegetative zone at
about 9,500 feet, where it supports lodgepole pine forest and aspen.

As glaciers withdrew from the Bear Mountain surface here, their
moraines, and the talus which then began te accumulate below their head-
walls, formed permafrost, and in large part became rock glaciers which
show various degrees of mobility and have sometimes developed lobate forms
below the interpediment scarp. Snow-covered subalpine forest openings
in hollows and along drainage lines in this view are ponds and bogs.
Openings otherwise located which appear along the course of the access
road are due to logging. The access road climbs the range front west of
Farm Creek behind the camerz position to avoid the narrow upper Whiterocks
Canyon.

To the comment above that the Bear Mountain pediment surface in
this view probably developed in much the same way as did the alpine
grazing lands of the Pamirs, shculd be added the observation that the
whole pattern of ridges and upland basins in the higher Uintas is
suggestive of that of many of the lesser ranges of the high plateau of
Tibet as they are seen in photographs by Gordon Cooper taken during the
NASA Mercury program. Furthermore, the Tibetan ranges in question are
probably much like many crests in the very dry eastern Pamirs, among
whick "pamir" subsummit surfaces are widely developed. Becausz the
western part of the Pamirs gets fairly heavy precipitation from the
westerlies, on the other hand, its glacial cover is heavy at high levels,
its valleys are deep troughs, and its summits are sharp.

1f the Uintas had been zs greatly uplifted in Pleistocene time as were
the Pamirs and Tibet, so that the whole Bear Mountain surface, as well
as the Gilbert Peak summit uplands, were now well above timberline;
if the Tertiary alluvial £ill in the Uinta and Green River Basins had
not been drained to the sea, and thus eroded, by major stream systems
since its formation; and if shallow icecaps had formed on the range quite
recently in geolngic terms and spread downslope locally onto the Bear
Mountain pediment, then analogy with certain Tibetan Plateau ranges would
seem close indeed. Small areas of icecap having that relationship to
Uiata-type summit and subsummit surfaces do occur in the Wind River Range
in Hyoming.

Military summary, Uinta overview. Though the pediiment system of the
Uintas has been rendered less simple than it may once have been by
Tertiary development and Pleistocene accentuation of a two-level differ-
entiation of the surface of its central quartzite mass, and by Pleisto-
cene basin and canyon erosion, the range remains a strikingly open
landscape compared with most North American mouuntains. Large troop
formations could move through it on foot, particularly in its eastern
part, without being forced into many rigorous defiles. Because foot
travel is slow on either of the two major pediment surfaces, however,
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aerial mobility would nevertheless be very advantageous here.
be even more so for regular Army operations than for irregular warfare.

It can be seen in Figure 22 that snowcover is not sufficient to fully
conceal the windier parts of the weathered alpine Gilbert Peak surface.

It would therefore be difficult ground for oversnow movement on foot.
Within the sheltering forest of the zubalpine zone, on the other hand,

oversnow trafficability should be go~d in winter and spring.
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VII. Uinta Surface Conditions and Trafficability

A visit to the Pole Lake Plateau in the southeastern Uintas (the
area of Fig. 22) in September 1968 permitted further ground check and
photographic rezording of conditions previously seen only in aerial views
or during brief visits further west in the range. Ground check of some
kind is essential to photointerpretation, and photointerpretation is
esgential to sound coperational planning in mountain terrain. In dealing
with ranges in countries now inaccessible to us, however, we nmust use the
method of analogy. That is, if the photointerpreter knows continental
mountain environment in the Rockies, it will be much easier for him to
interpret comparable landscapes in mid-Asia.

Figure 23. The Gilbert Peak and Bear Mountain Surfaces., September
View. A view northwest toward the 12,600-foot Uinta divide from the
12,200-foot level on the crest of the Pole Lake plateau. The apparent
smooth gurface of the summit uplands on the skyline (the Gilbert Peak
surface) actually has a texture similar to that of the felsenmeer in the
foreground, in which the larger boulders are 3 to 5 feet across. Spruce-
fir forest covers the Bear Mountain pediment, which has been extended
upslope relative to its Tertiary position by Pleistocene glacial cirque
erosion. Its drainage lines are boggy meadows.

Figure 23. The Gilbert Peak and Bear Mountain surfaces
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Figure 24. View west, same time and place

Figure 24. View West, Same Time and Place. The Uintas are somewhat
higher and have been somewhat sharpened by ice in the direction of this
view. One of the distant summits is Kings Peak, 13,498 feet. Formation
of clouds in the upper air westeriies over the more heavily glaciated
Uintas is characteristic, and is believed to be associated with somewhat
greater precipitation and snow cover there,

The snow in the foreground is a drift- formed during an early autumn
storm, caught between two big lobes of slowly sloughing felsenmeer-mantled
soil the shape of which is not well seen in this view. Such solifluction
causes occasional rockfalls down the giacial headwall to the right., If
possible, ascent of such cliffs should therefore be along well-defined
ridges such as those in the middle ground, especially during periods of
strong thaw to the uplands. Notice that a number of quartzite slabs have
been pushed into an erect position here by the soil movement.

Figure 25. Slabs Pushed Erect by Solifiucticn. A photograph from
the 1966 University of Coloradc report on the transect, taken by John
James during the summer of 1365 or 1966 on Leidy Peak in the eastern Uintes.
Heavy lichen growth indicates that the rocks seen here have sgtayesd on
| the surface of the slowiy creeping boulderfield for several centuries.

2 Figur: 26. Polygons on the Pole Lake (Eikhorn) summit upland, late
Szptember 19%68. View south from 11,500 feet toward the Uinta Basin
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Figure 25.

Siabs pushed erect by solifluction

Figure 26. Polygons
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(i,000 feet). Like the lobate forw of gross suiifluction discussel above,
the patterns seen here are a2 c~mmon Arctic phenomenon, generally
aggociated with permafrost. The 10,600~foot forestcd crest seen down-
slope, like the foreground, is orn the Uinta quartzite  The relatively
low altitude of the basin floor veyond, gxcept for the 7,300~fcot reman.nt
butte, is due to rapld downwastisg and erosion ¢f poorly corsolidated
sediments from the range; the sediments wers deposited in Tertiary time,
when desert climate prevailed and streams were weak. Pleistocens cliimate
greatly strengthened the stream system, particularly during glacial
(pluvial) periods.

Figure 27. Polygon detail. Viaw upslope. Eash polygon has a veneer
of soil in its centyal part, made up of windblown dust, roots, and other
organic material, and carrying tundra spacies & few inches high. Where
solifluction is relatively rapid, this pattern is often elongated to forwm
striped ground. The scale of the pattsrn here (about 3G feet across) is
of the order of magnitude characteristic c¢f such patterns in the Arctic,

Though crevices are open beneath it, walking is easier on the
centra: veneer of goil; striped ground thus provides paths advantageous
for travel directly up or down hill. However, the soii~free blocks were
also quite firm uaderfoot in the late season and zre probably fairly
stable yezar-round on this gradient as far as foot travel is concerned.
Summer roads have been constructed and maintained with little difficulry
across such uplands elsewhere in the Rockies and in New Hampshire, since
permafrost is present under thew only to a shailow depth above bedrock.
There is much silc, useful ac roadbed, only a few feet down among the
stenes. Regular cperation of grading equipment takes care of disturbance
due to solifluction on such slopes.

Figure Z8. A Rock Glacier Near Pole Lake, September 1968. Parti-~
cularly active rock glaciers have been found to move as much as
several yards ir a year; this one presumasbly moves much more slowly
dowever, boulders on its front seem gquite umnstable, and an approach to
the crest »f the slope from above demonstrated that the boulders on the
cliff above the miss are also quite unstable and hazardous. On such active
cover, lichens are scanty or a2bsent. Dark grey coloration of stable
boulderfield surfaces in aerial views, or observation of relatively heavy
lichen cover et close quarters, are indicators of routes which creep
only slowly and would be safe for troops. On the farther cliff several
boulderfield masses are beiag slowly fed over the precipice by solifluction.
They are geen ts contain much bouldery silt under a cover of open-jeinted
blocks (felsenmeerj.

Figure 29. Stony Forest Flscor, Pole Lake (Elkhornm) Plateau. Glacial
moraine deposition and subsequent solifluction, have distributed quartzite
boulders in irregular patteras on the Bear Mountain surface even at
considerable distances frca present cirgque headwalls. Elsevhere
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Figure 27. Polygon detail
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Figure 28. A rock glacier near Pole Lake
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Figure 29. Stony forest floor

trafficability through the forest on foot is at least loczlly quite good
except for 2 few windfalls. Such differences 1In forest trafficability are
not 2asy to determine from airphotos. In general, montane lodgepole pine
forest and aspen stands in the Uintas seem less obstructed than the sub-
alpine forest. Whiterocks Canyon forms the btackground of the view.

Figere 30. Aspen on the rim of tha Pole Lake plateau near the Farm
Creek road, September 1968. Aspen windfalls decay fairly rapidly and
therefore have somewhat less effect on foot movement than do conifer
windfalls. The leaves seen here in evening sunshine were bright yellow and
fell a few days later. In summer they are light green. It would be impor-
tant to military operations here in spring that snowcover under aspens

gets almost full winter and spring sun and thaws much earlier than snow
under conifers.

Figure 31. The Farm Creek Scarp separating the Uinta Range (behind
the camera) from the Uinta Basin (distant)}, September 1968, viaw south.
A relatively dry montanc landscape; sagebrush is extensive on slcpes at
the same level just cutside this view to the left., Aspens tend to grow as
roughly circular clumps, advancing outward by vegetative reproduction on
their margin.  They usually form stands of moc or less uniform sge, or in

the western part of the study transect may comprise one fairly well defined




Figure 30. Aspen

hand against lightening, raim, snow, and wind.
exposed there if the enemy controlled the air,

age-class of relatively
large trees plus 2 new
generation of young trees,
as in Figure 39. Other
undergrowth is usually
scant beneath them.

Further military
commnents on the Uintas:

Trafficability of the
alpine or subalpine inter-
pediment scarp separating
the Gilbert Peak and Bear
HMountain levels on the
Uinta quartzite is quite
variabie even in the
southeastern Uintas, It is
even more variable in the
more heavily glaciated
parts of the range, which
have more cliff (Figs. 18
to 21), and 1is best in
either case where the
gradient of the scarp is
seen on airphotos or maps
to be relatively low.

Foot movement is
laborious, but is not
characteristically
channeled into defilesg, on
boulderfields above and
below the interpediment
scarp. Troops on the
alpine uplands would be
severely exposed to weather,
including thunderstorms,
and should give themselves
time to retreat unless
satisfactory shelter is on

They would also be badly
Road construction, or

availability of helicopter airlift, would grzatly increase troop mobility

in the Uintas.
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Figure 31. The Farm Creek scarp
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VIII. The Uinca Rasin

The poorly consolidated alluvial material which was deposited on the
flanks of the Uintas during Tertiary erosion of the range has since been
greatly downwasted, as have most such weak Tertiary depositz throughout
the central and southern Rockies. Irrigated agriculture and other human
activities in the Rockies are largely concentrated in the brcad basing thus
produced. There is a difference in kind between such tasins in the Rockies
which are drainesd by very long rivers to the sea, and basins such as those
of the intermontane region which have not been re-escavazed because their
drainage is short and internal,

The same contrast occurs in mid-Asia between moderately dry regions
which are drained to the sea, or to interior basins at a great distance,
and drier ones which, like much of our Great Basia physiographic province,
were drained only by relatively shert and weak streams, many of which ended
in undrained basins even during Pleistocene pluvial times. Contrasting
sresional histeries can be expected, for example, in basins north and south
of the divide between Siberia and Mongolia ir the Altai end Sayan ranges.
In Tibet some basins are deeply re-excavated and crhers are not, but uplift
\ of the region hae caused streams to work headward more or less rapidly into
the umexcavated basins, insofar as they have enough moisture to support
active drainage.

Figure 32. Irrigzated Agriculture west of Roosevelt, Utzh, 5,166 feet,
September 1968, view northwesi. Hoosevelt gets only 8 inches of precipita-
tion per year, but is far encugh west in the Uinta Basin to record an
autumn rather than a summer precipitation maximum {October 1.21 inches,
December 0.81). January and July mean temperatures there are 15.2 and
71.4°F, the diffevence being 5€ Fahremheit degrees. Uinta runeff fills
the canal, which is considerably above the level of the fields beyond it.
Beyond the fields are eld structural z2nd stream terraces dissected into
badlands. Farms, irrigation ditches, fences, and highways are the main
changes here from the tactical poipt of view since such terrain was familiar
te the Army during the Indian wars.

Figure 33. Pinyon-Juniper Woodland at 6,800 feet on Route 208 north-
west of Duchesne. Table Mountain, 10,015 feet, is on the skyline. This
vigw is upslope to the west over a soguence of successively older pediment
levels. Cut during the Fleistocene in weak Tertiary beds, they record
dry interglacial intervals in Pleistocene time., Such relatively recent
pediments shovld not be confused with the Tertiary hard-rock padiments
of the high Uintas. They originally merged downvalley into a system of
stream terraces of corresponding age such as those segen in the middle
distance in Figure 32. Dissection has produced canyons in the pediment
surfaces and badlands or terrace margins.
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Pinyon-juniper
occurs as a2 lower
moutane vegetation
community on mountain
footslopes and hills
throughout the Uinta
Basin and elsewhere in
the study transect. It
seems to occur under
climatie conditions
wnich might be equalily
favorable to deciduous
ork chaparral. Possibly
the chaparral occurs
where pinyon-juniper
has been persiatently
burnt, either recently
or during Indiar times.
Chaparral i3 sparse,
or more generally
lacking, in the Uinta
Rasin, but is present
both to the east cad
to the west, Prom the
tactical point of view,
the difference between
the two vegetation
communities is grear:
pinyon-juniper is
consistently open aund
highly trafficable,
whereag ozk chaparral
can be almost impene-
trable.

Fruitland, a few
miles west, probably
represents pinyon-
junizer climatic eavi-

Figure 32. Irrigated agriculture ronment fairly well. It
is at 6,680 feet and
L gets 12.8 inches of precipitation per year. Duchesne, at 5,52G feet a few

miles east, gets only 9.5 inches of precipitation, with an August maximm
and az 53 Fahrenheit degree range n»f mean monthly temperatures. July
afternoons there average 85.8°F.

Figure 34. Sagebrush (Artemesia and asscciated species) is seen
- here oa alluvial soils at 6,800 feet on Route 40 (middle ground) near
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Figure 33. Piryon-Juniper woodland

Figure 34. Sagebrush
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ts junction with Route 208 west of Duchesne. View northeast. Pinyon-
juniper is confined here to outecrops and rocky ground, in the crevices
of which its deep roots reach water unavailable to sage. The sagebrush,
on the other hand, takes up practically all the water which falls on the
alluvial soil. Such soils are normaiiy never wetted to depth, and have
g zone of accumulation of calcium or other salts (caliche) near their
limit of wetting.

Such relationships, worked out in analogous environments by ecologists,
soil secientists, and others, can be observed on aerial photographs, and
provide information of considerable military and engineering value.

Figure 35. Badlands cut in weak Cretaceous structures of the eastern-~
most Uinta Basin near Rangely, Colorado (5,270 feet), a center of oil
production. The severely stunted vegetation to the left is that charac-
teristic of oil shale outcrops in the vicinity. View east.

Military summary, Uintaz Basin: As is usual in desert terrain, traffic-
abilicy in the Uinta Basin is excellent in general, though irrigation
ditches and badlands would present some problems.

Figure 35. Badlands
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IX. The Non-Mountainous Yampa Watershed

The Yampa watershed in Colorado, which is partly bozdered by
mountains, has a large area of low relief which presents few really
critical problems from the tactical point of view. However, it is part
of the study transect, and illustrates certain features of mid~continental
plateau and range relationships which probably have analogs in central
Asia. The area discussed here lies entirely upstream from the gorge which
the Yampa has cut across the structures of the low eastern Uintas in
northwesternmost Colorado near its junction with the Green River. The
rolling plain of the central Yampa basin above that gorge lies on weak
Tertiary rocks of the same age as those of the Uinta Basin. The Yampa
basin has only a few hundred feet of local relief, though almost 211 of it
lies above the 6,000 foot contour. Above Juniper Mountain (108°W), the

center of the basin is largely avoided by the Yampa River for reasons which
will be discussed.

Figure 36. Incision of the Meandering Channel of the Yampa River into
the Uinta Anticline, Bear Canyon, Dinosaur National Monument, April 1964.

View northeast. The canyon is somewhat more than 2,000 feet deep, cut in
Carboniferous quartzite, which is less resistant than the Precambrian

Figure 36. Incision of the meandering channel ¢f the Yampa River into
the Uinta anticline




quartzite of the high Uintas., It records the former depth and subsequent
downwasting, both upstream and downstream, of Tertiary £fill in the Yampa
and Uinta basins. The £ill once covered, or lapped onto, the siructures
which are now exposed here, and the meander pattern of the river was then
developed either on its surface or on plains cut by the stream along the

. margin of the fill. The whole volume of sediments since ercded from the
fill by the Yampa River and its tributaries has passed through this gorge,
yet the river has been unable to free itself from the meander pattern. It
is of some tactical significance that the Yampa, and similar plateau streams
elsevhere in the world, thus tend to become Srapped in gorges in relatively
resistant rocks 3s their temporary erosional base level is lowered by
erosion downstrean.

Conifers in the upland surface in this view are mostly pinyon~juniper,
occurring between the 6,000 and 8,000 foot levels, whereas the river is

near 5,000 feet. Sagebrush appears as a lighter grey tone. The snowcoverad
sumpit 12 Zenobia Peak, 2,006 feet.

Figure 37. Goxge of the Yampa in Cruss Mountain, 7,500 feet, April

1%64. View northeast., The great downwasting in Pleistocene time of the
broad surface of the Yampa River basin is again dramatized here. The
course of the river, now at 5,800 feet, eriginally lay cn a plain nesr

Figure 37. Gorge of the Yampa in Cross Mountain
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or above the crest cf the mountain, Into which it is now incised more

than a thousand feet to the vight of center in this view. Weak Tertiary
beds have been eroded by that amcunt not only arcund the whole circum~
ference of Cross Mountain but along 65 miles of the northern half of the
study transect and over a similar area in Wyoming, all the sediment passing
down the river. Much of the area has been reduced to a relling plairn.

Wherever the Yampa has been let down by erosicn onto beds more
registant than rthe Tertiary sediments, as it has here and along much of
tha southern margin of its basin, it has become intrenched and has had
to stop shifting laterally across the basin ficor Thus the river now no
longer traverses much of the plains it has cut in the Tertiary formation,
but lies for considerable distances somewhat below rtheir level, so that
the plains drain into hills near the river

[£8

Roure &40 pzsses Cross Mountain %o the south (right in chis view), and
crosses the Yampa as divectly 2s possible where it still lies in open
terrain on Tertiary beds. Beyond Juniper Mcuntain it strikes out eastward
scrogs the rolling plains developed on these beds earliier in the Pleistocene,
following a minor drainage and an even less conspicuous minor watershed
{(Fig. 38). 1n that area milicary mcvement would similarly avoid, if
cosgible, the line of the main drainage of this regien.

By its open texture, the dark comiferous vegetation oi. Sross
Mountain is seen to be pinyon-juntper woodland. Sagebrush covers the
reepants of plain within the badlands :n the forsground. The Little
Snake River joins the Yampa in the left foreground, having approached it
around the north end of Cross Mountain, slong the left margin of the view.

Figure 38. Sagebrush-Covered Rolling Plaiv in an iaterfluve position
west of Craig, Celorade, September 1968. View morthwest. Because tha
Yampa and othzy main drainages no longer shift back and forth across it,
but tend to be locked in trepches cut in more rasistant beds to the soutl
the general surface of the Yampa bavin west of Craig has had time to
develop several hurdred feet cf volling ralief  Because it is on weak
materials, however, it is stiil rather fee:ureless though there are areas

of badland. Fieldz szen to the iefr ave wheat stubble. Two alignments
of Route 40 run along a wincr divide, diagon 31y acroge kne middie of che
view. A pattern of sun and clcud shadow lies over thz area. Tbe altitude

here is about 6,300 feet.

Figure 39. The Yampa Rivzr in Hilis west of Hamilton, Colorado, south
of area shown in Figurz 36. View goutheast  The hills are the Cratacecus
Williams rork ang 1l leP formaticns. Much cf the plain reprecented bdy
Figure 38 lies higher than the rirer does here zmong the hills nearby,
gnd drains to it threugh thwm, as Milk Crcek does here frowm the simildarly
weak Mancos Shale of the Axial dacin to the scuth. Vegetatdsoo is lazgely
sagebrush, with some wi:eat fields, partly plowed in 3eptember 196G aad
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Figure 38. Sagedbrush-covered rolling plain

Figure 39. The Yampa River in hills
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with both cak chsparral and piayon-juniper on hilltops.

The stresm is
at §,100 feer, the hills reach 7,200.

Pigure 40. The Williams Fork Mountains, October 1954,
east. Thsse hills are mountaing only by lecal
only 8,200 feet of aititude above a stream runn
Furthermore, z range in Middle Park 1s mapped under *he same name, The
picture is included to show the varisty of hill forms encouwnterid, it

might be of tactical concern tlac the watershed of this range is displaced
geveral miles to the left (north) of 1i:cs topographic crest. Vegetation
and geologic formations are as in the previous view,

View south~
usage, since they reach
ing at about §,400.

Hanilton, which is at 6,235 feet on the lower Williama Pork River,
equidistant from area in Figure 39 and 40, gets 1% inches of precipitation

Per year, with wet months in December (2.45 inches) and Harch {2.27
inches).

Pigure 41. The Yampa ¥Valley nesr Craig, View northeast, 6,188 feet,

October 1964. Craig gets 14 inches of precipitation per vear, with no
diatiact precipitation zeasca. Januery averages 15.5°2, July 66.2°%, the
difference i:ing 50.7 Rabrenhedit degrees. July afternoons a2verage 86.3°F,

Pigure 40. The Williems Pork Hountains
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igure 41. The Yampa Valley uear Craig
Sagebrush and spring wheat zre seen on the gently sloping hills,
which are on Tertiary beds; cottonwoods and irrigared agriculture occupy
the flood plaia. Less regular hills on Czetaceous sediments rise tc the
right outside tunis view (scuthward) toward the Wiliiams Fork Mountains.
From this point east the relationship between drainage and topographic
relief reverts to normal and Route 40 can therefore follow the river
upvalley (eastward) to Steamboat Springs, where it croscses the Park Range.

Figure 42. The Steamboat Springs Basi., looking south toward the
headwaters of the Yampa nesr the White River Plateau, over 12,000 feet
high, which has fresh snowcover abcout 25 miles away on the horizon to the
right. The town is at the bend eof the river at 6,770 feet and has 23.5
inches of precipitation per year, with a December maximum of 2.38 inches.
Because it is cloudier than Craig its annual range of mean monthly tempera-
tures is 4 Fahrenheit degrees less (47 F°), only as much as is usual
around Salt Lake City, though considerably more than at Boulder. Steam—
boat Springs is a ski and summer resort, with 160 inches of snowfall and
a mean temperature of 14°F in January. Its mean temperature in July is
oaly 6C.6°F, though July atternoons average 81.4°.

In the picture, deciduous oak chaparral {(which is said te have a stromg
serviceberry component throughout the Yampa and White River valleys)
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Figure 42. The Steamboat Springs Basin

covers most of the base of the hills adjacent to the filelds and 18 cconsi-
dered to prevail up to about 8,000 feet. The view showz, however, that it
interfingers very extengively with upper pontane vegeration. Conifers
descend the shadow slopes along each stream course, and aspen deacend with
thes to the margin of the flood plain, but both are much more extensive
upslope. The pattern of chaparral and aspen is spotty, bacause both tend
to grow im clumps.

In the distant south, the Park Range, seen to the left, dwindles to
2 hill-land on approaching the Gore Canyon of the Cclorado, near which it
zeels a zone of hills lying east of the White River Plateau. The village
of Yampa, 7,8%0 feet, in the headwater basin of th> Yamwpa River near the
base of the White River Plaresu, has only 17 inches of precipitation per
year in spite of its asltitude, and has a definite July precipitation
mexioum because of the lee provided by the White River Plateau to the west.
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X. Hills of the White River Watershed ~

Twenty to thiriy miles sgouth of, and roughly parailel is, rhe lcewer
course of the Yampa River ie¢ the wvalley of the Whiie River. That strsanm
heads on the White River Plateau in Cslovrado, sg do severai Yampa tribu~
taries, but drazins directly west to rhe Green River in the Uinta Basis in
U*gh. It hez no extepzive plains but has zeny hills and gmsll mountaius.

Pigure 43. An Arrcvo in a terrace margin at 5,800 feet in the ¥White
River Velley porth of Calanity Ridgs, Sa=ptember 1368, Since sertlemeat

of the region, a tendency for small or ietermitten: streams te intresch
thengelves has been chserved over much ¢f the ares of our zeuthwsstern
states., Several explanations have been pur forward, of which one 1s that
increase in grazing prvssure has reduced proteciive plant cover ia a climate
which 1s marginal for livestock raising. The menr paw gullles, cailed
arroyos, could be a minor tactisal cobstacle of comsiderable impertance,

Thls one, im the floor of a partly staprliized older gully, 1s more clearly
seen dut less tysical than that in Figure &4. The sagebrush and pinvon—-
juniper communities seea here ara both important at lower montane levels

in the White Rivar region.

¢
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Figure 43. An arroyo
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Pigure 44. Hills southwest of Meeker

Figure 44. Hille Southwast of Meeker on Colorado Route 13, Saptember
1968, about 7,000 feet. View west. Sheep Creek is seen in the near groued,
intrenched in an arroyo roughly 20 feet deep, which separates trafficable
and productive surface on opposite flanks of the north-scuth valizy. The
arzoyo 1is coutinuous for several miles and effectively divides what would -
otherwige be a single tactical corridor. Chaparral of oak and serviceberry
occupies much of the hill, The pinyon-juniper pattern seen here relates to
cutcreps on the hillsides.

Figure 45. Flag Veslley, south of Mezeker, September 1%58, 8,000 to
8,700 feet. View south into the headwaters of Fourteen Mile Creek. At
this level, gemisrid lowland vegetation has largely dropped out of the
picturs, The vegetation is montane: aspen, deciduwous ocak chaparral, and
sone groves of conifers (fir or pine) on shade slopes. Wheat is pot growm
&t this level. This area is heavily used as pasture forxr sheep. Slopes .
to the right ascend to the @rand Hogback (Fig. 46), those to the laft {(east)
to the White River Plateau (Pig. 47).

Figure 46. The Grand Hogback at Meeksr, September 1968. The water gap
near Heeker, the town seen agbove and to the right of the farther wheat
fields, is at 6,160 feet and the near crest of the hogback is at abrut
8,000 feet, rising southwerd toward the alrcraft, Flag Valley is seen to
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the right, severzsl miles north of Figure 45 (down Fl~g Creek) at a level

used for wheat and cattle raising. Sheep Creek (¥ig. 44) is to the left
of the hogback.

The strata seen in the hogback are the Cretaceous Williasms Fork and
Illes Formations, also seen in Figures 39 and 40. The vegetation is pinyon-
juniper, oak-serviceberry chaparrcl, and soxe sagebrush. The tactical
importance of such a barrier is evident, especially if we realize that the
White River, which passes through it in the middle distance, ie the main
corridor through this country.

Maeker gets 16.8 inches of precipitation per year with s 2-inch April
maximum. Its range of mean monthly temperatures is 45.5 Fahrenheit degrees,
from 20.7°F to 66.2°. July afternoons average 86.1°F.
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X1I. The Park Ranges, A: The White River Plateau

The White River Plateau is a roughly circular area of partly undis-
sected upland without sharp alpine summits. It is almost all within the
southern margin of the study transect and is about 45 miles in diameter.
Its southern and western part, some of which is seea here, is on Triasic
and Permian strata and is largely upper montane or subalpine (9,000 to
11,G00 feet). 1Its higher easterm and northeastern part is on Tertiarcy
lava flows, which tilt upward above timberline (11,600 feet) in a number
of places, reaching 12,493 fecet on one of several summits in or near the
study transect whick are called Flattop Mountain. The term "flattops" is
also used as a generic term for summits on the plateau.

The pla“eau upland has gentle slopes for the most part and has been
occupled in the past by an icecap which left many lakes and moraines in
its higher part. Its margins, oan the whole, are abrupt. Formidable lava
cliffs occur on its north and east flanks. Canyons and glacial zorges
cut the rim in many places, so that undissected plateau is seldom as much
as five miles across.

Figure 47. Aspen, Meadows. and Spruce-Fir Forest on the plateau
scutheast of Meeker, 10,000 feet, September 1968. The view is south

Figure 47. Aspen, meadows, and spruce-fir forest
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toward Rifle, Colorado, sbove which thc canysn streams which head here
join the Colorado River. Among the aspen are groves of dead spruce, of
which a great number throughout this region have bean killed by bark
beetles. Windfall of the dead sprucs will be a serious obstacle to foot
travel for many years. The svbalpine meadow here is rich seasonal grazing.
Because of heavy snow, the cattle are trucked back down to the lowlands
for the winter, where forage crops to mairtain them have been raised umder
irrigation.

Figure 48. Derby Peak, 12,184 fe2:, cne of the White River Flattops,
October 1964. View south. The lava beds seen hzre form the headwall of
a cirque in which a glacier was formerly mnirtained by snow drifted from a
broad alpine summit upland gbove. Such eirquee form the heads of several
canyons dissecting the White River Plateau. All the spruce in this view
have been killzd by bark beetles.

Military summary: See next section.

Figure 48, Derby Peak
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XII. The Park Ranges, B: The Elkkead Range and The Park Range Froper

This is a mountain zone of varied height and ruggedness at the head
of the Yampa watershed, encircling Steamboat Springs on the north and east
and extending south with diminishing local relief to the Csiorado River at
Gore Canyon. Only at the northern margin of the transect does the Park
Range rise abcve timberline (Mount Ethel, 11,940 feet). Like the Wasatch,
the Park Range proper gets precipitation largely because of its north-south
orientation rather than merely because of its height.

Figure 49, The Crest of the Elkhead Range, 11,045 feet, 20 miies north
and somewhat east of Craig. This is a group of rough hilly uplands on
Tertiary seciments surrounding resistant cores of late Tertiary intrusive
rock. They do not quite reach timberline anywhere and have no summit
plateau.

The interfingering of montane and subalpine vegetation seen here is
largely due to radiation-cooled air flowing down mountainside drainage ways,
which lowers their temperature; especially on clear r ‘ghts. Since they are
moist as well as cool, such sites duplicate growing conditions which are
normal on more open siopes at somewhat higher levels. Troops stationed in
sucnh sites might sometimes be uncomfortable at night even though their

Figure 49. The crest of the Elkhead Range
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clothing and bedding would bave been adequate at the same altitude cn a
slope or ridge.

As elsewhere in this region, subalpine forest is seen fo have meadow
openings at its higher levels. The pattern of aspen leaves in different
stages of fall coloration here suggests genetic and age differences among
several vegetative stocks of the species. Changes in the size and spacing
of trunks, and in the amount of down timber, between one such aspen stand
and the next can be expected to affect forest trafficability,

Figure 50. The Park Range and Route 40 at Rabbit Ears Pass, 9,426
feet, view east, This photograph should be compared with Figure 42, which
covers some of the foreground as it is seen from the north beyond Steamboat
Springs. 1In this view, the north end of Middle Park lies beyond the range

in the center and to the right of the view. Valleys tributary to North
Park originate to the left beyond the range.

The general level of the range crest here is about 10,000 feet. It
is an incompletely dissected rolling subalpine upland like much of the

Figure 50.

The Park Range and Route 40 at Rabbit Ears Pass
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White River plateau but it is much more linear from north to south and
has more nearly continuous forest. However, there are enough meadows
on its crest to aid trafficability quite a bit. OCn the range flank,
aspen and oak-serviceberry chaparral form interfingering upper and lower

montaine vegetation zones. Lower slopes have been partly cleared for
pasture.

Figure 51. The Big Creek Glacial Trough in the Park Range, October
1964. This view looks northeast toward a small Uinta-type alpine summit
upland on The Dome, 11,600 feet, just south of the northern boundary of
the study transect. The same upland continues to the right of this view
(south) over the crest of Mount Ethel, 11,940 feet. Higher and somewhat
more fully dissected alpine uplands lie to the north. Cirqueeg in that
area are large, with much rock glacier, and have floors which are less
£lat than those of the Uintas because glacial dissection has been deep.

Figure 51. The Big Creek glacial trough in the Park Range
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John James and other investigators from the University of Colorado
agree, on the basis of observation of aspens and other ground vegetation,
that this part of the west slope of the Park Range gets relatively heavy
preclpitation. That conclusion is supporred by the fact that subalpine
forest is seen here to be relatively dense, and to occur on topography
which indicates strong Pleistocene glacial erosion. Such observations are
not surprising, since Pacific air must rise here to cross the range
eastward, and should produce much wiater sncw. It s2ems reasonable,
furthermore, that considerable amounts of Gulf air may enter the 2ree in
summer up the valley of the Colorado River from the southwest, producing
thunderstorms at the season when moisture can best be used by vegetatioen.
However, climatic data are lacking for the rangs.

Military summary: Park Ranges A and B. Alpine topography is lacking
on the Elkhead Range and is quite iimited withirn the boundaries of the
transect on the White River Plateau and the Pari Range preper. The Gore
Range, to be discussed belew, is considered a Park Range also, as are
the Tenmile and Mosguite Ranges further scuth. The Gore is particularly
alpine.

Except in the Elkhead Range, which has no swamit plateau, uplands
with moderate gradients occupy most of thz subalpine zone in this part of
the study transect. They are not more than a few miles across at any
point but permit a degree of ground mobility near range summits which
would greatly affect tactics. The White River Plateau has an intricate
pattern of subalpine uplands and lies off the main routes. The Park Range
proper, on the other hand, is 2 simple linear mass lying across Route 40.

Ground attack on the Park Range from either flank might zdvantageousl
be launched simultaneously from many points, since only the development oZf
Route 40 and lesser roads has given some routes to its crest an advantage
over others, and those routes could easily be blocked. Meadows on the

range crest could be used as landing zones for airmobile forces if
resistance in the range was expect.d to be of serious magnitude. The

White River Plateau and Elkhead Range would be better refuge areas for
irregular forces. Except on roads and trails, movement through lower
montane chaparral is more difficult in each range than through aspen or
coniferous forest above.
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XI11I. The Gora Range

Th.'ust upward along a fault on its southwest flank, the Gore Range is
the most conmsistently rugged alpine range in northern Colorado, yet its
granitic and crystalline metamorphic rocks are tooc badly shatrered, and
its sumit altitudes are not quite high enough, to attract as many climbers
&8 do the similarly rugged San Jvan Needles in the southrrn Colorado
Rockies. Like the
Wasatch, the Gore is a
narrow range witnin
which military forces
would have littie room
to maneuver. Qaly its
northern part lies in
the study transect,

Figure 52. The
Hich Gore, June 1962.
A view southeast from
over Mount Powell,
(13,534 feet), which is
nct seen. The general
level of the higher
peaks, which are
strikingly accordant
when seen from the range
flank, iz about 13,000
feet, Timberline is
approximately 11,000
feat. Oversnov movement
on foot wauld not be
difficuit in these
basins when the snow is
stable, but in the
general run even of
Colorado weather
avalanche hazard is
coasiderably greater
here than in the Wasatch.
Furthermore, trafficable
cols between basins are
much less numercus and
more difficult in the
Gore.

Terrain of the
sort seeu here fcorus

. . the crest of the Gore
Figure 52. The High Gore, Jjune 1962 for 19 miles, of which
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14 are without passes, or any cols much easier than those illustrated.
There are no climatic records for the range, but snowfall is known to
be exceptionally heavy for Colorado in the Vail resort area a few miles
southwest. As in the Wasatch and Uintas, snow cover here is entirely

seasonal. $laciers are no longer present, and rock glaciers have
occupied the sites of their last remmants,

HBeiicopter-supported troops could use explosives to tunnel into
these crests and live there in any weather if there were occasion to dn

8o, but their mobility cn foot in winter would amount to little more
than an occesional ski run to the valley.

FPigure 53. The High Gore, October 1964. A view ncrtheast across
upper Pipey Creek in the same ares seen in Figure 52, Low crests (11,600
feet) to the left just beyond the 13,000-foot Gore are those of another
set of Williams Fork Mountains. This set drains north (left) to the
Colorado River near Xremmling in Middle Park, as does the northeast face
of the Gore. The horizon of this view lies on the Colorado Freat Range,
with Longs Peak (14,255 feet) 56 miles away to the left of center, and
the Arepaho peaks (13,506 feat) just to the right of center.

Longs Peak

stands well above the regional alpine summit aceordance. The higher peaks
of the Front Range have about the same al.itude as the general

in the rest

Figure 53. The High Gere, Cciober 1964
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The wain valleys on either flank of the high Gore are at sbout §,000
feet, so that local relief in the range is generally about 5,000 feet, and
nowhere over 6,000 feet, unless it is calculated from the floor of the Gore
Canyoi of the Colorado, whick lies at 6,800 feet 17 miles northwest of
Monnt Powall. The distisctive character of the range is thus due to its
abruptness rather thsi to exreptional height,

The poor quality of the rock in this range, both from the sperting
point cf view and from that of troops whe might have to train on ir, is
apparent in this view from the absence of massive ¢1liff faces, the number
and close spacing of couloirs, and the volume of talus which has been
swept down them, largely by avalanches. Finld sxperience furthzr south
in the range confirms its intense jointing at alpine levels. Frosion
is rapid. The range remains rugged only because of its geolegie youth,

Where possitle, climbing in the higher parts of the Gore should be
done along ridges, however rugged they may be, to permit disturbed rock
to fall away to the side harmlessly. Thar requirement alone iz enovgh to
create defile problems even for units azs small ac a squad. If a steep
rotten gully must be climbhed by as mzny as twe men, the second should
either avoid climbing below the “irst or sheuld follow the first so closely
that a falling stone cannot build up strong momentum. Falling at full speed,
loose rocks are, ineffect, much iike shell fragments, and similarly require
exposed persons to lie prone, in defilade if possible. Helmets are valuable
protection and in lighrweight styles thay are being used increasingly by
sporting rock climbers evan on firm rock,

Military comment: Gore Range. Thig range lay within easy reach
of Camp Hale during World War II, and could have been used as a realistic,
if risky, trainiag area if the 10th Mountain Division had expected to
fight in the higher Alps. However, though the fact was not widely
acknowledged, the Division command was sware that offensive warfare i
really rugged alpine mountains was not practficable at that time if
resistance was on such @ gcale that a large number of troops were required.
Furthermore, the Division was not authorized to risk many casualties from
mountaineering hazards during traiming, asr were they equipped to evacuate
them from terrain such as the Gore.

Though the Gore remains unpleasant terrain for training, many equally
rugged ranges have better rock, and increasing aevial mobility is solving
the other problems which the 10th Division would have encountered here.
Mountain terrain in the trans—Eurasian fror~tier zone is not ordimarily as
difficult for military ogperations as that .f the Gure Range, and most
mountains there must be less so, except where they rise considerably more
than 2,000 feet above timberline. Many mountains in mid-Asia are indeed
very large, but even airmcbile warfare will presumably avoid the upper
slopes of those ranges during the foreseeabiz Iuture.
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. XIV. North and Middle Parks

On the east flank of the Park Ranges, their subazlpine and uppsr
mentane forests descend to very high sagebrush basins. Such pasins in
tha transect are all included under the terms North and ¥iddle Parks.
Moatane forest surrounding the basins is sald to be mostiy lodgepole pine.
Chaparral is lacking because of altitude. On the periphery of the Parks,
sagebrush openings are believed %o give way upvalley in many sites to
subalpine ueadow, and the bordering forest there may be spruce-fir rather
zhan pine.

The part of North Park which lies in the transect is practiraily all
above 8,000 feet, as is the southern pert of Middle Park nzar Frager, HNear
Granby end Kremmling, altitudes are below 8,00C feet along the Colorado
Hiver, but level surfaces on which fixed-wing aircraft wuight land in the
Parks are extensive only at the higher level. Similar surfaces approach
10,000 feet in South Park south of the transect. They zre thus as high
as similar surfaces, alsc largely alluvial fans, between 2,000 and 10,000
feet in the strategically located Tszidam Basin of northeastern Tibet.

The Tsaidam region has iittle or no forest, at ieast partly because it has
been occupied by grazing nomads for many centur.’es.

Figure 54. The 1llinois River Alluvial Fan. Nortb Park, lying at about
8,300 fee:r at the junction of the Iliinois River with Deer Creek in the
left foreground. View southwest, October 19564. Climatic data is available
from Walden, 8,130 feet, about 10 miles downstream, Its mean zunual
precipitation is only 9.5 inches, go that sagebhrush is seen on thz crest
of 8,942-foot Owl Ridge in the foreground. August is the least dry mounth,
with 1.34 inches. Beyond the creekbank wiliosws, usual at such leveis in
Colorado, fields are seen to be spotted with heystackg to fsed cattle
through the wiater, which averages 13.3°F is January &t ¥alden. July
averages 44 Fahremheit degrees warmer (39°F},

The distant high crest tc the left is the Gore Raage, 58 milzs south.
The Rabbit Ears Range is seen as forested creets in the middls distance.
It reaches 11,819 feet to the left. Timberline follews its ievel crests
closely, so that meadows (alp slopes) provide geod routes along them,

Figure 55. Wolford Mountaic from the Air, 9,239 feet, near Kremmling,
Middle Park, April 1966, view east. Routs 40 runs from laft to right
across the near ground. Muddy Creek, the main drainage to the Colorado
from this part of Middle Park, runs parallel to it zt 7,400 feet slong
the base of the nill. It meets the Ceclorads Lour miles to the cight
{south). The Colorado Front Range forms the skyline 40 miles away, with
iongs Peak to the left of center. Notice the extent of badlands caused by
grologically very recent intrenchment of the Colorado River, which acts
hsve as 2 temporary base level of erosion.

T L - ST e T e T T aNmameme e e~ SETEED ISR 4 e e ST R T

e | g ¥ W =

ronen s




i e A A

v

Ly emw e - -

Figure 54,

R et

TN L R

e

“1e Iilinois River alluvial fan, North Park

Figure 55. Wolford Mountain from the air
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Figure 56. Wolfcrd Mountain from Route 40, June 1862, view east.
The lower limit of conifers in Middle Park, generally attributable to
lack of precipitation and to fine-textured alluvial sclls on which trees
do not compete effectively with sagebrush for water, is seen alsc to
correspond here to a thrust fault at which graniiic rocks, producing
relatively coarse soils, overlie sediments produc.ag fine ones. The erect
conifers are lodgepole pines. The prostrate cnes are believed to be
pinyon pine near its upper altitudinal limit.

The bare crests of the badland ridges which have developed in the
sedimentary formation on either side of Muddy Creek are evidence cf frost
isturbance of ground consistently stripped of snow by winter winds.
Sagebrush (or another desert scrub species) is seen to occupy only ground
whick is protected by snow during winter thaws. Snow can be inferred to

be somewhat scant here, yet tzcops on foot without skis or snowshoes
might have difficulty in drifted hollows.

Kremmling, 7,322 feet, four miles away on the Colorado, gets 10.6
inches of precipitation per year and 1.34 in August. Its mecathly mean
temperatures have a range of 49 Fahrenheit degrees, from 12.4° in January
to 61.5° in July. July afternoons average a dry and comfortable 82°.

Figure 56. Wolford Mountain from Route 40
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Figure 57. The Fraser-Granby Basin, Middle Park, October 1964,
view northwest. The village of Fraser, 3,568 feet, which is often cited
as a "cold hole" in Denver radio weather broadcasts, lies beside Route 40
and the D&RGW Rallroad just off the left margin of the picture. The town
of Granby, 7,935 feet, lies near the Colorado where that river is seen
on the more distant basin flocor to the left. The willow-grown stream among
hayfields in the near right is Ranch Creek. Its junction with the Fraser
River near the bend of the railroad is at about 8,400 feet.

Fraser actually haes a winter climate no more severe than that of
Kremmling, 1,000 feet lower, with a range cf 42.5 Fahrepheit degrees
between a mean January value of 12.5°F and an average of only 55°F in
July. It gets 16.8 inches of precipitation per year and, being close to
the Front Range, gets the equivalent of 1.9 inches in April, mostly as
snow., A rainfall peak of 1.8& inches occurs in July. Grand Lake, 8,576
feet, on a lake up the valley to the north (right distance) has a very
similar climate and, as a lakeshore resort, profits from the cocol summers.

Timber in the foreground is spruce-fir on the Tertiary sediments of
the North Park formation. Front Range granites and metamorphic rocks
extend across the valley in the hills cf the middle ground.

Figure 57. The Fraser-Granby Basin, Middlie Pavrk
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Military comment: North and Middle Park. Terrain resembling the
Rocky Mountain Parks in Colorado would be suitable for landing of large
STOL fixed~wing aircraft such as are aow available to major powers.
Troops msking a landing in such a basin would be involved ilmmediately
in the adjacent mountains, where pasges would have to be occupied if the
airhead were to be protected and properly exploited., Even at the highest
levels in the transect and currently to as much as 16,000 feet in higher
ranges, small units could be deployed and supported by helicopter.
Because payloads at such altitudes are still small, helicopter operation

would presumably be frem a truckhead, or 2 fixed-wing landing site, as
close to flight objectives as possible.
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XV. The Colorado Front Range, A: West Slope and Crest

A2 on the west slope of the Wasatch and the corresponding slope of
the Park Range near Steamboat Springs, precipitation appears to be rela-
tively heavy in season on the west slope of the Front Runge. Whether it
exceeds that of the Wasatch is hard to say, since climatic data are pot
availzble at upper subalpine levels cn the west slope.

Wherever we have data the snowy season in the Front Range is spring,
with precipitation maxima im April or May. Snow blown off the range crest
feeds the last small glaciers in the southern Rockies just east of its
higher summite, but most of the eaut slope has lees snow than the west
flank.

Figure 58, The Glacial Trough of Cascade Creek, Arapaho-Navaijo
Sunmit Area of the Front Range, June 1962. This valley is typical of many
of the west slope of the Front Range. Timber reaches 11,260 feet in this
view but only where avalanches and hezvy creeping snow are not 3 major
factor. 1In the valley its margir:z descend almost to 9,000 feet.

The weight of Pleistocene glaciation here and on the Aropaho peaks
to the right of this view up Cascade Creek, relative to that near Berthoud

Figure 58. The glacial trough of Cascade Creek, Arzpaho Peaks, Front Range
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Pass, suggests that precipitation here could easily be 20 inches more per
year than at that relatively sheltered site, and may thus be at least
comparable to cver 535 inches near timberline in the Wasatch.

Figure 59. Less Glaciated Slopes, seen to the northwest from 12,400
feet near Arapaho Pass, July 1962. Granby Reservolr, 8,280 feet, is 8
miles downvalliey. Timberliine is higher on the sunny slope here chan in
Figure 58, since Santanta Pesk in the middle ground is 11,979 feet,
Vigorous ice has undercut its right side but not its left flank. Ridges
having continuous crests barely above timberiine, like this one, are very
common not only in Colcrado but throughout our western ranges. The
weathered-down slopes just above the treeline are alp slopes, and are
generally much more trafficable than nearby slopes above and below. For
example, fine soil gives way to less trafficable felsemmeer upslope in the
foreground, as it often doés with increasing altitude in the Rockies.

Figure §0. Berthoud Pass and the Moffat Tunnel Sector of the Froat
Range, view south, April 1966. The Moffat Tunnel of the D&RGW Railroad
passes under the continental divide about three miles south of the camera
position in this view. It begins at South Boulder Creek, seen on the left
of the view as a forested bowl under the eastern spurs of James Peak
(13,294 feet) and ends near Winter Park, the ski resort on the rigat

Figure 59, Less glaciated slopes
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Figure 60.

Berthoud Pass and the Moffat Tunnel sector of the Front Range

margin of the picture. Route 40 runs south up the Fraser River between
James Peak and Winter Park to Berthoud Pass (11,314 feet) and then descends
Clear Creek to Denver, joining Interstate 70 on the way. Berthoud Pass

is 14 miles away in this view. Clear Creek is a forested gorge beyond

James Pegk, seen descending to the east (left) on this side of 14,264~
foot Mt. Evans, scene of recent Army high-altitude physiological research.
Mt. Evans is 25 miles awvay on the 1

eft skyline, just south of the study
transect. Notice that in spite of

its height it has little Snow because
of its lee position relative to the range.

Loveland Pass, 11,99z feet, is another im
which lies among the high peaks (including G:e
are seen beyond Berthcud in this view,
of Berthoud Pass there is no highway acr
National Park the Trail Ridge road,
12,183 feet before de

portant all-weather pass

y's Peak, 14,270 feet) which
For 45 miles on this side {north)
0ss the range. In Rocky Mountain

open only seasonally, climbg to
scending to Milner Pass at 10,759 feet.

The near part of the continental
11,800 feet, with timberline between 1}

are seen to have stripped snow from tane crest of the divide in this view,
The resulting drifes have maintained glaclers in

the past in ecirques to
leeward, and still maintain small ones east of higher summits to the north.

divide in this view is at about
1,000 and 11,400 feer. Westerly winds
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The base of the Winter Park ski runs is near 9,200 feet, and their top is
near 10,500 feet.

Berthoud Pass gets 34.8 inches of precipitation per year at 11,315
feet, of which 4.15 inclies f£all in April and 3.47 in December, whereas
stations on the east slope of the Front Range have their secondary maxima
in summer. Itg range of mean menthly temperatures is only 40 Fahrenhelt
degrees, since it has excellent air drainage. Its January mean is 11°F
and July averages 51°F. 1In accord with the latter figure is its position
less than 500 feet below a thermal timberline. The Winter Park precipita
tion gauge at 9,058 feet gets 27.3 inches of precipitation per year, of
which 7.24 inches fall in March and 6.82 in January.

Figure 61. The Flattop Summit Tpland, Rocky Mountain National Park,
October 1964, view nozrth to the Mummy Range. Mount Alice, 13,310 feet,
is the broad felsenmeer ramp toward which the aircraft wing is pointed.

Though in the past the fact has not always been evident to students to
whom an aerial viewpcint was not available, this viev confirms the argument
of other investigatores that such uplands have been greatly modified by
frost processes since they were last leveled by stream erosion, if they

Such leveling would necessarily greatly predate glaciatien,

ever were.

Figure 61. The Flattop summit upland
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yet two Pleistocene glacial cirques here at the base of the Mount Alice
slope, as well as many other cirque headwalls and alpine glacial trough
margins im this view, have been vigorously weathexred by post-glacial
frost processes which are csusing them to merge agai: with surzounding
uplands. The rest of the alpine uplands, on some parte of which glacial
erogion may never have acted, have long been actively .lownwasted by the
same pProcesses.

Pedimentation contemporary with that of the Gilbert Peak surface in
the Uiantas may have been completed during the Tertiary close to these
crests, and we know that subsummit gradation apparently equivalent to the
Bear Mountain pedimentation occurred later im the Tertiary on the east face
of the range. Those developments predated all glacial crosion here. Sinpce
then this has become an even more dynamic geomorphic situation in which
Pleigstocene and recent climate are strongly expressed. From the military
point of view it is important that climatic stresses which might affert
personnel are go evident in the landscape, since other climatic Asta
from such sites are rare.

For the most pact, trafficability on these uplande corresp:inds to
that in the Uintas, =ince felgenmeer is similarly widespread. Giacial
dissection of this range is deeper, however, and glacial trcough vaslse
and cirque headwalls are higher and steeper. There is no pedirenc west
of the range here unless Middle Park and its tributary wvalleys are con-
sidered a pediment not yet very deeply dissected by the current headward
progress of intrenchment up the Colorado River system (Fig. 55).

The climatic record which comes closest to represeating this upland
is that of the Army-spongored Arctic and Alpine Imnstitute station estab—
lished in 1952 at 12,300 feet on Niwot Ridge on the east slope of the
range further south (Fig. 66). It supports the argument that vigorcus
devalopment in this view of graded felsemmeer surfaces and of solifluction
patterns like those illustrated on the Uintas implies Arctic temperatures
and permafrost. The magnitude of snow drift from such surfaces now and
during the Ice Ages suggests that the effect of low temperatures here is
reinforced by that of violent winds. Winter occupation of such terrain
is quite possible with adequate preparation, and people can move around
on it in good winter weather, as they sometimes do on similar terrain on
Mount Washington in New Hampshire, but the nesd to do so should be care~

fully considered before wrilitary personnel wure stationed oa such uplands
at that season.

Figure 62. A View South from North of the Arapsho Peaks, October
1964. Southward from the arez of Figure 61 toward the Arapaho Peaks, the
Flattep summit upland is increasingly interrupted by glacial ciryues and
troughs. Felsenmeer upland is therefore of small extent on the continental
divide between Paiute Peak, 13,088 feet, the first sharp crest on the left
margin of this picture, and Arapaho Peak, 13,502, five miles south.

75




e - it b i sl

e - e
- - - e iy —

. ) [ -l = —e F

- . - - e s St —

. C e e e = 1 ,

Figure 62.

A view south from north of the Arapaho Peak

In the lee of Arapaho Peak lies the largest remaining true glacier
in the southern Rockies. It was only 64 acres in extent in 1964, Tom 1its
moraines, and from talus, massive rock glaciers have developed there.
Beyond the Arapaho peaks the range crest drops to the levels seen in
Figure 60, and lies increasingly in the shelter of the Vasguez Mountains
to the west, so that ice was not massive on it even at the climax of the
Ice Ages, and was always confined to the lee of the ridge. On the other
hand, because precipitation was (and is) heavier there, Pleistocene ice

was heavy on the windward side of the divide throughout the middle ground
of this view.

The angle of the light in the near part of this view, plus new spow
among the boulders of the felsenmeer and talus surfaces there, picks out
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their texture very clearly !
and indicates what traffica-

bility would be 1ike there,

provided we rzalize what

the scale is. The nearest

peak (Copeland Mountain) is :
13,176 feet high; the R1k ‘
Tooth beyond is 12,848 feet; .
and the margin of the incom- ’
pletely dissected felsenmeer

upland beyond it is at about

12,750 feet, whereag Se.

Vrain Creek to the left

descends to 10,700 feet in

the ghadows near the left

wargin of the view. The

headwalls facing it are a

thousand feet high over

zuch of their extent. Rock

glacier is extensive at

their bases but is shadowed

in this view.

Climbing the cliffs
seen here would not be
difficult if the route were
well chosen, but military
personnel would have to have
suitable training before
such zontes could be of much
tactical importawce. Indeed,
chey should have considerable
orientation before being
placed in such an environ~
ment even by helicopter
unless they are Bupposed to
stay in fixed positions with
good shelter and ample
supplies,

Figure 63. The east face of Longs Peak

Figure 63. The East Face of Longs Paak, 14,255 feet, June 19632. The
hearer lake, called the Peacock Pool by the National Park Service, is ar
11,300 feet. Chasm Lake, snowcovered below the cirque headwall, ig at
11,786 feet. The steep face of the mountain, which has become an exercise
ground for advanced technical rock climbers in receat years, rises about
3,800 feet above the small Mills Glacier at jicg base. However, the summit
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r or the south. The East Face is the alpine climax of the Cnlcrado Rockies

and is not tactical terrain in any ordinary sense, bat troops could be
placed by helicopter on almost any other part of the nmcuntain if necessary,
and would be reasonably mobile if they had had training approximating that
of the best-~trained units of the 10th Divisicn in World War II,

Figure 64. Mount Meeker and Longs Peak, 13,911 and 14,255 feet, view
4 west. This face of Mount Meeker was presumably once a cirqus headwall but
f is now greatly weathered. It descends to Cabin Creek basin at the rate of
about 2,500 feet per mile. Though this wall is boulder-covered everywhere,
solifluction and avalanche erosion appear to disturb the felsenmeer a great
: deal. Varied tones in the photograph auggest that the rock is not zlto-
gether without lichen cover, yet the face is not recommended for Lrawerse

except with care and consideration. Each spring thaw wiil make it
especially unstable.

Military comment: Front Range west face and crest. From the 2,400-

foot level, almost 6,000 feet below the summit c¢f Longs Peak and 4 1/2
miles southeast of its crest, North St. Vrain Creek has a woderate

Figure 64. Mount Meeker and Longs Peak
>
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downslope gradient and takes 15 wmiles to descend the next 3,000 feet to
the plain., Therefore, even the Longs Peak massif in tke Front Range
carnot be considered to have as much as 6,000 feet of local relief as
compared with 6,750 feet or more for Timpancgos in the Wasatch, which
is 2,500 feet lower. However, the absolute altitude and climatic
saverity of the Froat Range are aiso military cousiderations.

Although the Front Range crest as a whole is a thousand feet or
more lower than Lengs Peak, its lack of low passes and the steepness of
many of its glacial headwalls and trough walls, would mske it a military
obstacle not rto be dismissed lightly. At 13,000 feet it is quit: high
for large-scale helicopter airlift at present, though not out of reach.

As in the case of other ranges in the study transect, defense of
the Front Range crest would be worth the effort oanly if the defenders
were not overpassed by airmobile forces sufficient to achieve. the objec-
tives of the attacker, Command of the air would prevent that possibility,
So would strong occupation of all areas beyond the range which might

become objectives. That might require more resources than were available,
however.
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XVI. The Front Range, B: East Face

Consideration of the east flank of the Front Range will be begun by
discussing a sweeping view of it:

Figure $5. The Colorado Front Range and its Eastern Pediment, view
from the south April 1966. Eastward of the Front Range crest in the study
transect, its rugged topography generally does not extend below about
11,000 feet. The topographic break at that level i+ roughly approximated
by a timberline which averages about 11,200 feet. The east face of the
rugged crest has less snow zover in spring views than the windward face
doeg, aad its glacial trough walls and cirque heardwalls have been more
deeply riven by froet and thus stand somewhat less steeply in general than
those on the west face of the Arapsho peaks, for example.

From the eastern edge of the rugged peaks a broad ramp surface cut
in granitic and metamorphic bedrock descends 15 or 20 miles eastward to the
plains margin, which iz generally a few hundred feet below the 6,000-foot
contour. The descent thus averages between 250 and 350 feet per mile.
On the basis of Bradley's studies in the Uintas, authoritative opinion
has accepted such ramps throughout the Rockies as pediments, formed in
Tertiary time under arid or semi-arid comditioms,

Figure 65. The Colorado Front Range and its eastern pediment
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The Tertiary surface of which the pediment was a part was originally
continued eastward at diminishing gradients, but without any break in slope,
as depositional plains which are still represented by little-dissected
areas (stream divides on the Great Plains) more than 20 miles east of the
pediment foot. Nearer the Front Range, op the other hand, mountain-derived
streams invigorated by Pleistocene climatz have interrupted that surface by
carving out a broad lowland in the soft Tertiary deposits, withinwhich lie
Denver, Boulder, and cother cities,

Glacial action and increased stream vigor in Pleistocene time have
also dissected somewhat the resistant rocks of the pediment, which are an
eastward continuation of the rock of the range crest. On the upper part
of the pediment, many valleys have the form of glacial troughs which
descend eastward from the rugged crest. On its lower part many valleys
become canyons of small or moderate size, Within an intermediate aititudinal
zone from 7,000 to 9,000 feet, few glacial troughs or canycns have nuch
depth, and local relief on the pediment is hilly in general rather than even
moderately mountainous.

Along the plains margin, seen in the distance to the right here, sedi-
ments of late Paleozoic and Mesozoic agze appear as outcrops dipping steeply
east, so that they descend in that direction heneath less resistant
Tertiary strata, and lie toward the west against the margin of the uplifted
crystalline basement rocks which form the Front Range. The hogbacks formed
by those sedimentary strata culminate near Boulder in "flatirons" more
than 2,500 feet above the plain, but they are less high elsewhere.

The dark coniferous forest near timberline in this view, continuous on
sunny and shady slopes alike, is subalpine spruce-fir with some stands of
lodgepole pine. John Marr of the Arctic and Alpine Institute of the
University of Colorado places the subalpine vegetation zone between 9,300
and 11,000 feet. Ahove and below it he .esignates 400 and 300 foot zones ag
transitional to alpine and montane vegetation.

The montane zone extends from 9,0C0 feet down to the plains. Its
forest is seen here to be relatively dense on shadow slopes but sparse
on sunny ones. It is often divided into upper and lowver zones. Ponderosa
pine is especially dominant below. Douglas fir is more prevalent above,
particularly on shady slopas.

HMuch of the apparent open ground im this view at upper montane and
lower subalpine levels on the pediment is seasonally leafless aspen. In
this area aspen is a successional species which is eventually overgrcwn by
the conifers cited above unless disturbance recurs. Lodgepole pine is
also an important successional species in the upper montane and subalpine
zones. Its prevalence in a given area of former burn or logging here has
depended on the success of particular seed years. If lodgepole seed fails,
disturbed areas may become meadow, which excludes pine but later gives way
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to the vegetative gpread of aspen. Where seeding has been succeseful,
young lodgepole pine sometimes grows so densely as to be practically

impenetrable on foot, and is thus a factor in military trafficability.
Logging to supply mines and the lowland hzs been wery extensive in the

past. In this view practicaily all the montane forest and much of the
subalpine forest is second growth.

The next view will be of Niwot Ridge, site of many cliaatic, bio~
logical, and other studies by the Arctic and Alpine Research Institute.

In this view Niwot is seen as a long eastward projection of the alpine
zone below the level of the rugged peaks.

Figure 66. The Alpine Zone, Niwot Ridge, view west, April 1966. The
Arapaho peaks rise beyond Niwot. Spring is the snow season on the Front
Range, yet broad areas of Niwot Ridge are seen here to have been swept
free of snow. Such surfaces are never deeply snow-covered, and must be
considered to retain for plant use much less than the total precipitation
which might oe measured on them by an accurate meteorological gauge.

However, no precipitation gauge is accurate in such windy sites, parti-~
cularly where much of the moisture falls as snow.

Figure 66, The alpine zcne, Niwot Ridge
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The foreground has alpine vegetation (tundra} on soils which include
much silt but are stony (Fig. 68). Upslope along the ridge, boulders
bzcome more and wore prominent until they form an open-jointed mantle
geveral fest deep (a felsenmeer) over the gtony silts. Under the silt
inyer, bedrock is subject to constant weathering, and its higher-standing
riven fragments have been carried downslope for thousands of years as
part of che creeping soil. The smoothed and largely felsenmeer-ccvered

aipine surfaces which result are a field and photolnterpretive indicator
of severe frost climate.

The highest Institute station on this ridge is at 12,300 feet, not
far from the junction of the broad ridge with the sharp peaks. It has
recorded 25.2 inches of precipitation per year and would probably have an
April maximum of precipitation except that in high winds snow is harder to
catch in a gauge than rain. Three inches is the mean amount of precipita-
tion recorded there in August. The April record averages 2.58 inches.

The January mean temperature of the Niwot station is 9°F, and that in

July is 47°, the difference being only 38 Fahrenheit degrees. That should

be compared with a difference of 25 F degrees between mid~summer and mid-

winter means near the cloudy Cascade timberline, however. July afternoons
average 54°F. The mean soil temperature there is helow freezing: 30°F.

ind at the station has averaged 18 mph year rcund and 26 mph in December.

A feature of this view is the close association seen in the fore-
ground between snowfield margins and scrub conifers (krummhnlz). Excess
snow cover around tree bases would delay their growing season. which is
minimal at this level in any case. On the other hand, the trees appar-
ently cannot live without some extra moisture, 2nd partial protection from
winter wind, both of which are provided by the snow where it is not too deep.

The environment here is not so rigorous that observers have been
urable to attend the high statien. Hovement to it im winter has ordinarily
been by anowmobile most of the way, as much for the gsake of the protection
offered by the vehicle body as for speed, which is slow where felsenmeer
must be crossed. Under favorable conditions th: vehicles have generally

been left at the end of the fine soils, and the felsenmeer has been tra-
versed on foot.

The lake jn the glacial trough to the left (Horth Boulder Creek) is
one of a number of lakes from which Boulder, Colorado, draws much of its
water., Silver Lake, 10,200 feet, the lowest lake, averages 28.2 inches
of precipitation er year but has recorded 76 inches of snow in 24 hours

during a spring snowstorm. One can guess that much of that amount was
blown from Niwot Ridge.

Figure 67. Timberline and the Surface Texture of Jrifted Snow on
Niwot Ridge, April 1964, view southeast. Silver Lake lies in the valley
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Figure 67. Timberline and the surface texture of drifted srow on Niwot Ridge

bevond the near crzst, somewhat to the left in this view. The pattern of .
the snow seen here is that known as sastrugi, familiar in accounts of

antarctic exploration. The wind~hardened ridges seen here are no more

thar 5 or 6 inches high, but they would interfere with dowphill rumning

by any but a skilied and very strong skisr. However, the surface is firm
underfoot, so that neither skis or snowshoes would be regquired here at

this particular time,.

The vulk of the foliage of the krummholz in this view is still
covered by snow. Since the needles of conifers are capabie of tramnspiring
roisture in winter whenever the air is warm or radiation is sufficiently
strong, and since thelr roots are frozen at this season so that the mois-
ture cannct be replaced, the exposed foliage of trees near timberline is
often killed by drying in winter (winter kill, a phenomenon familiar to
horticulturists).

Timberiine conifers, therefore, often have many dead limbs, and

krumpholz is characteristically closely sheared to the form of its pro-
tecting snowdrifts, as if the wind had actually cut it down to that level. :
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it is often possible by that means to determine in summer the usual
depth of winter snow in timberline situations.

14

Krummholz is commonly much teco dense to walk through but not quite
dense enough to walk over except when it is drifted full of snow. It is
r thus a trafficability problem in many localities; but would also be
excellent concealment. Individual bushes and broader fields of krummholz
1 are seen to be several feet high here in summer, with winter-killed or
youang and vulnerable leaders rising to 6 or 8 feet.

Figure 68. Alpine Tundra, Niwot Ridge, April 1964, view weat. This
view, taken on the same day as Figure 67, shows the texture of the fore-
ground of Figure 66, which resembles that of certair kinds of arctic tundra.

The fences were erected to mark areas studied by Institute biologists and
to keep stray cattle off the tundra.

Figure 69. Montane Forest near Sugarloaf Mountain on the Front Range

Pediment, April 1964. The view is west (upslope) from the 8,500-foot
{ level. Aipine crests near the 12,000-and 13,000-foot lavel are seen to
the center and left on the skyline. Species seen in the foreground are

. Figure 68. Alpine tundra, Niwot Ridge
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Figure 6%. Mentane forest near Sugarloaf Mountain on the Front Range pediment

aspen, lodgepcle pine, Ponderosa, and Douglas fir. The low density of
timber observed on suany montane slcpes in Figure 63 is seen again here
on the far side of the valley of Four Mile Creek.

This view was taken not far from another of the climatic stations of
the Arctic and Alpine Research Institute, located on the 8,500-fcot contour.
It gets 21.2 inches of precipitation per year, of which 3.24 £fall in May.

A secondary maximum of 2.41 inches falls in July, vhereas December and
January get slightly less than an inch. January mean temperature at this
level is 22°F and that in July is 64°, the difference being 42 F°.

Figure 70. The Edge of the Plz2ins North of Boulder, Colorado. View
north, April 1966. These hogbacks mark the upturn and emergence at the
mountain front of Mesozoic strata which underlie Tertiary formations and
overlie ancient basement rocks across the breadth of the Great Plains.
The granites and metamorphics of the range, which are a continuation of
the Plains region basement, crop out a short distance to the left (west,
upslope). Corifers seen here are Ponderosa pine. Open ground is covered
oy the short grass steppe vegetation characteristic of the Great Plains.
As in other views in this series, the lower border of the forest seems
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Figure 70. The adge of the plains north of
Boulder, Colorade

arctic air over the Wasatch at Salt Lake.
been well placed to measure the full streng
becauce the instruments are seldon designed

T
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! violence similar to or greater than those associ

cur records of canyon winds have not been good.
. over 100 miles per hour wera reported from Boulde

to be determined by the
change from coarse moun-
tain soils on slopes to
fine alluvium at their
foot and on the plains.
The view was taken from
the 8,000~footr sandstone
crest of the Boulder
Flatirons, a particularly
high unit of the hogbacks.

EBoulder, at 5,400
feet, gets only 19.5
inches of precipitation
per year, of which 3.17
falls in May. 1Its mean
July temperature is 71°F,
Its January mean tempera-
ture i1s 32.7°F as compared
with 27.2° at Salt Lake
City at the 4,220-foot
level. The difference
is due to westerly
chinook (foehn) winds
which are warmed adigba-
tically (that is, by the
increase in atmospheric
pressure) as they descend
from the crest of the
Front Range. Largely
because of the foshn
phenomenon, the differ-
ence between January
and July mean tempera-
ture at Boulder is only
38.3 Fahrenheit degrees.

Agscciated with
chincok winds ar Boulder
are canyon wiads which
have a frequency and

ated with the onger of
Because anemeometers have seldom
th of such local winds, and

for winds of great violence,
However, measurements

r during January 1969,

TR N RV P



=%

= e

XVII. Military Summary: Environment in a Study Transect of the ~
Utah and Colorado Rockies

From the landscape photographs, maps, discussion and data presented
here it should be evident that whereas ground warfare is possible in terrain
such as the southern and rentral Rockies, it presents some difficulties. -
The military forces most affected by such problems would be large ones
seeking to take advantage of their size and of advanced technology.

It is suggested, however, that because of the strategic position in
the 01d World of analogous mountzin terrain, as well as of much which
is similarly rugged or more sv but has somewhat different climates, it
might become necessary for the U.S. Army to face those difficulties. The
way in which the’ can be met has already been demonstrated in combat in the
relatively low but rugged mountains of Korea and particulariy in those of
Vietnam.

Such terrain in Central Asia and elsewhere in Eurasia has seen many
wars. Large regular forces have never been able to operate successfully
in the face of determined small-unit opposition in its more rugged parts,
however. Historically, large forces have either reached dacision without
entering such terrain, have traversed it with little organized oppcsition
and carried out decisive operations on less difficult ground besyond, or
have abandoned the high mountains tec any force capable of determined and
well-conceived small-unit operations in their defemse. Major powers have
seldom gained control of such ground in the 0ld World without the
acquiescence, or capitulation without serious resistance of some important .
part of its population.

Without discussing aeronautical technology in detail as it applies
to the problem, but with due consideration for current steady progress of
the aititudinal and load~carrying capabilities of helicopters in parcicular,
it is suggested that past problems of large-unit operations in rugged high
mountains may soon be overcome. For the present, it can be argued that
mountain ranges themselves are not primary military objectives, but that
some troop involvement in mountains will follow any airmobile invasion of
basins among ranges such as those which make up the trans-Eurasian frontier
zone. It would seem to be practicable even at the present time for any
major power to establish an airhead in any lightly defended high basin
below alpine levels on that frontier and to defend it by helicopter lift
of troops to critical passes and commanding crests in the svyrounding
ranges. Military resources presently available to regimes along the axial
01ld World frontier zone in Asia, st least, would probably not be adequate
at most points to counter such a move pefore the airhead was well estab-
lished.

It is suggested that, if possible, U.S. Army personnel concerned
with such matters continue their study of this presentation during a visit
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ts various parts cf the study transect described here. Although the scale
of mountain terrain is never fully verceived in a photograph, a guide such
as this one can help explain the features seen in the field and can broaden
the observer's realization of theiz geographic and strategic sigznificance.
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BIBLIOGRAPHY

This bibliogzaphy includes the greater part of that submitted with
the final report of the transect contract, plus publications which have
since come to hand. It is thus a fairly complete summary of scientific
publications pertinent to the physical environment of the transect, plus
enough material on adjacent regions to permit valid comparisoas. Originally
submitted under three headings, the bibliography has been unified here.
Cnly a partial recheck of references has been pessible. A relatively
small number of errors has been corrected; some surely remain.

The contract bibliographv has been edited with a light hand for
publication here because there are few aspects of regional physical
environment which the Army may not be concerned with at one time or another.
Whereas the ’llustrations and text which make up the rest of this report
are designed for a very broad readership within the Army, publication of
the bibliography is considered justified by its possible usefulness to
military photointerpreters dealing with analogous environments, to
academic specialists doing contract studies in support of military photo-
interpretation and operational planning, and to those military officers
who have some background in the earth sciences and field biology.
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Alexander, R. R. 1958a. Silivical characteristics of Engelmann spruce,

U. S. Dept. Agric., Rocky Mtn. Forest ami Range Exp. Station, Station
Paper 31, 20 pp.

. 1958b. Siliviecal charaeteristics of subalpine fir, U. S.
Dept. Agric., Rocky Mtn., Foreat end Range Fxp. station, oStation Paper
32, 15 pp.

Allen, J. S. 1962. Thke plant communities of the Big Cottonwood Canyon
drainage, M.S. Thesis, Univ. of Utah, Salt Lake City.

Allison, E. M. 1908. Biblio?EQ and history of Colorado botany, Univ.
of Colo., Stud. 6: 51-T6.

Allman, V. P. 1953. A preliminary study of the vegetation in an exclosure
in the chaparrs) of the Wasatch Mountains, Utah, Proc. Uteh Acad. Sci.
Arte and ILetters 30: 63-T3.

Alter, J .6C2é 1919. Normal precipitation in Utah, Monthly Weather Rev. 47:
633-636.

Anderson, R. A. 1961. The lichen fiora of the Dakota sandstone in the

northern Front Range foothills of Colorado, M.S. Thesis, Unlv. of
Colo., Boulder, Colo.

Antevs, E. 1938. Rainfall and tree gzrowth in the Great Basin, Carnegie
Ingt. of Washington, Washington, D.C., Publ. No.

9

. 1645, Correlation of Wisconsin glacial maxima, Amsr. J.
SCi. 2)"3—A: 1-390

. 1948. Climatic changes and pre-white man, In: A
Symposium or the Great Basin, with Emphssis on Glacial and Pest~
Glacial Times, Utah Univ. Bull. 38: 168-191.

Climatic conditions in the Great Basin during the Quaternary
were influenced by the state of glaciation in western Canads and
the western United States. During extensive glaciations the storm
tracks were pushed south of their mndern course, and the Great
3asin received precipitation during warm seasons as well as cold.
Thus, glacials and interglacisls in the north were matched by
vluvials and interpluviels in the Great Basin.

Aschmenn, H. H. 1958. Great Basin climates in relation to human ccecu-
vance, Univ. of Calif. Archeol. Surv. Reports 42: 23-h0.

Atwood; W. W. 1909. Glaciation of the Uinta and Wesateh Mountains,
U. S. Geol. Surv. Prof. Paper 61.
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Atwocd, W. W., Jr. 1937. Records of Pleistocene glaclers in the Medicine

Bow and Park Ranges, J. Geol. 45: 113-1k0.

Perticularly concerned with the Medicine Bow Rarize in southern
Wyoming (Snowy Range), but inciudes a summary of Park Renge
glaciation. Only two glaciations were recognized by Atwood. The
largest glaclers were on the west slopes. A smgll icecap was
present in the crest area east of Steawboat Springs. Nunataks
were evident in some crest arxeas.

Atwood, W. A. and W. W. Atwood, Jr. 1938a. Opening of tha Pleistocene

in the Rocky Mountains of the United States. J. Geol. 46: 246,
Occurrence of glacial +il1 dated as Cerro-Buffalo is noted

in various localeties in the Rockies. It oeccurs on basin floors
and interstream divides in a manner which implies very little
dissection of range flanks when it was laid down (pediments) and
is consistently veyond the limits of more recent ice. Localities
cited are Cerro Summit and Horesefly Peak near Montrose; Gummison
Basin, Colorado, near Pagosa Springs; Canjillca Pivide; New
Mexico (south of the San Juans); southwest corner of Yellowatone
near Jackson; near Moran; north slope Uintas; Silver Bow and
Grace near Butte; Divide and near Florissant clnse to Pikes
Peak; northeast of Bailey near Denver; in South Park; on divides

near Cache la Poudre; near Nederlard; and upper Green River
valley.

. 1938b. Working hypothesis for the physiographic
history of the Rocky Mountain Region, Geol. Soc. Amer. Bull. 49:
957-960

Summary of geomorphic history as it was understood to that
date. Conclusions regarding stream superposition versus ante-
cedence are classic.

. 1948, Tertiery-Fleistocene transition at east margin
of the Rocky Mountains, Geol. Soc. Amer. Bull. 59: 605-608.

Bachrach, J. H. 1951. Plant commnities of & valley in the montane
forest of the Coloradc Front Range, M.S. Thesis, Univ. of Colo.,,
Boulder, Colo.

Bailey, XK. W. 1934. Floods and accelerated erosion in northern Utah,
U. S. Dept. Agric., Miscellaneous Publicatioa 196: 1-21.

Bailey, R. W., G. W. Craddock and A. R. Croft. 1947. Watershed
management for summer {lood control in Utah, U. S. Dept. Agric.
Miscellaneous Publication 539.

Baker, A. A. 1G4T. Stratigraphy of the Wasatch Mountains in the
vicinity of Provo, Utan, U. S. Geol. Sr v. 0il and Gas Investi-
gations, Preliminary Chert No. 30.
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Baker, A. A., C. H. Dane and J. B. Reeside. 1933. Paradox formation

of eagstern Utah and western Coloradc, Buli. Amer. Assoc. Petrol.
Geol. 17: 963~980.

Baker, F. S. 1925. Aspen in the central Rocky Mountain region, U. S.
Dept. Agric. Bull. 1291, %8 pp.

. 1944, Mountaiv climates of the western United States,
Ecol. Monogr. 14: 223-254,

Baker, F. C. and C. F. Korstian. 1931. Suitebility of brush lands in
the intermountain region for the growth of natural or planted
western yellow pine ferests, U. S. Dept. Agrie. Bull. 256, & pp.

Bamberg, S. A. 1959. Reconnsisgance of eight montane-alpine tundra
regions, (abstract), J. Colorado-Wyoming Acad. Sci. 4: 35-36.

Barclay, H. G. 1941. A subalpine climax grassland in west-central
Colorado (abstract), Bull. Ecol. Soc. Amer. 22: 35.

. 1941. ZPlant commnities of the Gothic ares,

Colorado, and “heir successional relations, Bull. Ecol. Soc.
Amer. 22: 34,

Barrett, J. W. (editor). 1962. Regional Silviculture of the United
States. Ronald Press Co., New York, 610 pp.

Ecological information on United States forest types. In-
cludes a Tl-page section devoted to forests of the middle and
southern Rocky Mountain region. This region of 390 million
acres (1/5 of the continentel United States) is about 27%
forested, of which 3/1+ is noncommercial. Colorado is the most
heavily wecoded state in the region, with its western half almost
50% forest.

Chapter 8 of this text provides ecological information in

detail for the Rocky Mountain ponderosa pine type and the Engel-
mann spruce-subalpine fir type.

Bags, N. W. and S. A. Northrup. 1963. GCeology of Glenwood Springs

Quadrangle and vicinity, northwestern Colorado, U. S. Geol. Surv.
Bull. 11%2-J, 7% pp.

Bates, C. G. 1917. Forest succession in the central Rocky Mountains,
J. Forestry 15: 593-596.

. 1923a. Physiological requirements of Rocky Mountain
trees, J. Agric. Res. 24: 97-165.

1923b. The transect of a mountain valley, Ecology k:

Sh-62.
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. 1924. TForest types of the central Rocky Mountaing

as affected by climste and soil, U. S. Dept. Agrie. Bull. 1233,
152 up.

Bates, C. G., F. B. Notestein, and P. Keplinger. 191L4. Climatic

characteristics of forest types in the central Rocky Mountains,
Soc. Amer. Forest. Proc. 9: T8-9k.

Bath, H. 1935. A comparison of the factors of growth in the upper
foothill ané alpine zones in northern Colorado for the growing
season of 1934, J. Colorado~Wyoming Acad. Sei. 2: LO-41.

Beckwith, W. B. 1957. Characteristics of Denver hailstorms, Bull.
Amer. Meteorol. Soc. 38: 20-30.
Hail activity is greatest in late April, Msy, June, and
July with & June peak prior to the thunderstorm peak. Fronts
are still fairly active along the Rocky Mountain east face in
May and June. Denver experiences an average of 6 days of hail
in June and 10 days all year.

Beckwith, R. H. 19%2. Structure of the upper ILaramie River velley,
Colorado-Wyoming, Geol. Sce. Amer. Bull. 53: 1k91-1522.

Beeldy, A. L. 1915. Geology and coal resources of Forth Park,
Colorado, U. S. Geol. Surv. Bull. 596: 12.

Beetle, 4. A. 1960. A study of sagebrush, The section Tridentatae
of Artemisia, Agric. Exp. Sta. Bull. 368, Univ. of Wyo., Laramie.

Behre, C. H., Jr. 1633. Talus behavior above timberiine in the
Rocky Mountains, J. Geol. 41: 622-635.

Beidlemsn, R. G. 1953. The island of pines, Living Wilderness 46:
T-10.

Bench, B. M., E. E. Ruley, and Vanderwilt. 1948. Ideslized cross-
section from Denver to Roan Platesu, Guide to the Geology of
Central Coloredo, Colo. School of Mines 43 (2).

Benedict, James B. 1966. Radiocarbon dates from a stone-banked
terrace in the Colorado Rocky Mountains, USA, Geografiska
Annaler, Series A, Physicel Geography LGA: 24-31.

1667. Recent glacial history of an alpine area in

the Colorado Front Range, USA (I) Establishing a lichen growth
curve, J. Glac. 6: 817-832.

1968. Recent glacial history of an alpine ares in

the Uolorado Front Renge, USA (IX) Dating the glacial deposits,
J. Glac. 7: T7-87.
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Benedict, J. B., A. E. Corte, and Y. 8. Osburn. 1965. ¥Frost phenoiena,
patterned sround, and ecologzy on Niwot Ridge, Internaticnsl

Association Tor Quaternary Research, VII Congress Guidebook,
Boulder, Colorado, pp. 21-26.

Bernnett, Iven. 1965. Monthly maps of mean daily insolation for the
United States, Solar Fnergy 9: 145-152.

Rerndt, Herbert M. 19060, Precipitation and streamilow oi & Colorado

Front Range watershed, Bocky Mountain Forest and Range Exp.
Station Paper No. I7.

Billinzs, W. D. 19hks. The plant associations of the Carson desert
region, western Nevada, Butler Univ. Bot. Stud. 7: 89-123.

1949. The srrdscale vegetation zone of Nevada and
eastern Celifornis in relation to climate and soils, Amer, Mid-
land Naturalist 42: 87-109.

1950. Vegetation and plant growth as affected by

chemically altered rocks in the western Great Basin, Ecology 31:
62-Th.

1951. Vegetational zonation in the Great Basin of
wvestern North America, In: Les bases ecologiques de la regenera-
tion de la vegetation des zones arides, Ser. B, Int. Colloguium,
Int. Union Biol. Sei. 9: 10i-122,

. 1959. Temperature inversions in the Pinyon Juniper
zone of a Nevada mountain range, Butler Univ. Bot. Stuc.

Billings, W. D., and L, C, Gliss. 1959. An alpine snowbank environ-
ment and its effects or vegetation, plant development, and pro-
ductivity, Ecology 40: 388-397.

Billings, W. D., and H. A. Mooney. 1959. An apparent frost hummock-

sgrted polygon cycle in the alpine tundra of Wyoming, Ecology 40:
16-20.

Bissell, H. C. 1963. Leke Bonneville: geology of southern Utah
velley, Utah, U. S. Geol. Surv. Prof. Paper 257-B: 101-130.

Blaciwelder, E. 19215. Post-Cretaceous history of the mountains of
central western Wyoming, J. Geol. 23: 97-11T; 193-217; 307-370.

_. 1610. New lizht on the geclogy of the Wasatch
Mountains, Utah, Geol. Soc. Amer. Bull. 21: X0.

. 1928. Mudflow as a geolozic azent in semi-arid
rountains, Geel. Soc. Amer. Bull. 39: 465-480
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. 31931. Desert plsins, J. Geol. 39: 1313-14C.
* . 193k. Origin of the Colorado River, Geol. Soc. Amer.
Bull. 45: 551-566.
. . 194%. The process of mountain sculpture by rolling

debris, J. Geomerph. 5: 325-328.

Blake, I. H. 1945. An ecolozical reconnaissance in the Medicine Bow
Mounteins, Ecol. Momogr. 15: 207-243.

Bliss, L. C. 1956. A comparison of plant development in microenviron-
ments of arctic end alpine tundras, Ecol. Monogr. 26: 303-337.

1962. Adaptations of arctic and alpine piants t¢
environmental conditions, Arctic 14: 137-14%4.

Blumer, J. C. 1910. A comparison between two mountain sides, Plunt
World 13: 13%-140.

Boos, M. F., and E. Aberdeen. 19%0. Granites of the Front Raage,
Colorado: the Indien Creek Plutoms, Geol. Soc. Amer. Buil. 51:
695-730.

Boos, C. M., and M, C. Boos. 1957. Tectonics of the eastern flank and
foothills of the Front Range, Colorado, Amer. Asscc. Petrol. Geol.
Bull. 41:2603-26T6.

Bradley, Wilmot H. 1936. Geomorphology of the north flank of the Uianta
Mountains, U. S. Geol. Surv. Prof. Paper 185-1.

Demonstrates a sequence of pediment surfaces radiating north-
ward and eastward from the Uintas. The surfaces seem related to
ciimatic periods. Gilbert Peakx Surface oidest; Mocene or Oligo-
cene, correlative with Blackwelder's Wind River Surface. Bear
Mountain Surface is similar, upper Miocenme or early Pliocene witn
some warping and block fauliing. Devalopment of Green River
course discussed.

Brandegee, T. S. 1830. Timberline in the Saewatch Range, Boten. Gaz. 5:
125-126.

Broecker, ¥. C., and P. C. An. 1958. Radiocarbon chronology of Lake
Lahcatan end Iske Bonneville, Geol. Soc. Amer. Bull. €9: 1009-1032.

Brown, H. E. 1958. GCambel cak ir west-central Colorado, Ecology 39:
A7-327.
In this report, osk stands are classified as clumps, thickets
or intermediates and quantitative data are given for age, size,
and density of cak. Comparisors are made of soils and ground cover
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under osk and in openings, and brief consideration is given %o the
effect of fire and other disturbanmeces in cak stands.
About half the osk stems in = normal stand are less than 10
years o0ld and the average mature stem is sbout 13 feet high and
3 inches 1n diasmeter. Ok stands are wost dense when young, eg8-
pecinlly foliowing a fire or other disturbance that stimuiates
reproduction. Scil factors do not sppear to 1i_udt the distribu~
tion of oax brush. Moderate soll movement was evident in openings
trtween clumps, but little or no movement was cobserved under ocak.
The general extent of t:e osk type in western Colorado was
rot thought by Brown to be g -eatly different today than it was in
the late 1800's.

Brown, M. J. 1960. Climates of the States - Utah, U. S. Dept. of
Commerce, Weathex Buresu, 15 pp.

Brown, M. J., and E. I. Peck. 1962. Reliability of precipitation

measurements as related to exposurs, J. Appl. Meteoxol. 1:203-207.
A subjective classification system was developed to evaluate

the reliability of weasurersnts of precipitation occvrring pri~
marily as snow in reiation ¢o the exposure of the gage. This
system was used in classifying 30 sites at ebout &,000 feet in
Utah where both precipitation measuremenis and snow surveys are
made. Differences related to exposure wers found up to 81% in
very wiady sites. Comparisons of sheltered and unsheltered geges
at Climax, Colorado, showed 36.48" to 46.25" variation for 3
winters, but sumer periods were comparadble, 22.39" to 22.k9".

Brown, J. J., and P. Willfams, Jr. 1962. Maximum snow loads along
the western siopes of tb~ Wasatch Mountains of Utan, J. Appl.
Meteorol. 1: 123-126.

Bruderlein, K. 1911i. &4 study of the lodgepole pine foregts of
Boulder Park, Tolland, Colorado, Undv. of Colo. Stud. 8: 265-275.

Bryan, Xirk. 1933. The formation of psdiments, 16th Internat. Geol.
Congress Rept. 2: T65-TT5.

. 1934. CGeomorphic processes at high altitudes, Geog.
Rev. 2b: 655-556.

Bryson, R. A., and W. P, Lowry. 1955. Synoptic climatoloay of the
Arizona summer precipitetion singularity, Bull. Amer. Meteorol.
Soe. 36: 329-330.

Cempbell, I. 1963. Apparent relationships between stream profiles
and -pediments nesx Boulder, Colorado, Unpubl. M.A, Thesis, Unlv.
of Colorado, 87 pp.
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Cannon; . L. 1952. The effect of uranium-vansdium deposits on the
vegetavion of the Colorado Plateau, Amer, J. Sei. 250: T35-TT0.

Capps, S. R., snd E. de K. Leffingwell., 1904. Pleistocene geolo
the Samtch Range near Leadville, Colorado, J. Geol. 12: -?'

Cary, M. 6191_1. A biclogicsl survey of folorado, WN. Amer. Fauns 33:
1-256.

Chamberlin, R, T. 1919. The building of the Colorado Rockies, J.
Geol. 27: 1k5-16h; 225-251.

Childs, 0. E. 1950. Geologic history of the Uinta Basin, Utah Geol.
and Minerol. Surv.. Guidebcok to the Geology of Utsh, No. 5:
49-59.

Choate, G. A. 1965. Forests in Utsh, U. S. Dept. Agric., Inter-
m~atain Forest and Range Exp. Station, Resource Bull. Ho. IKT-4,

2 Pp-

Christensen, E. M. 1 The ecology and geographic distribution of
brush (Quercus gambel 1) in Utah, M.S. Thesis, Univ. of Utah,
Salt iake City.

. 1950. Distzibutional sbservations of osk brush
{Quercus gewbelii Futt.) in Ubah, Proc. Utah Acad. Sci., Arts
and Ietters 27: 22-25,

. 1955. Ecological notes on the mountain brush in
Utah, Proc. Utah Acad. Sci., Arts and Letters 32: 107-111.

The author considered the deciduous oaks of the mountain
brush commmnities in Utsh to be only one species, Quercus gam-~
belii. In this species the most common form of vegetative
reproduction is the formation of new stems from rhizomes, but
layering also occurs. Seedlings of Gambel ogk are rarely found,
possibly because the acorms have a high prevalence {87% to 89% )
of destruction by larvae of Lepidoptera and Coleopiera.

At its upper limit, Gembel oak may be inhibited in its
spreading because of the short growing sesson. It cccurs at
altitudes of 9,000 to 10,000 feeit where the growving season is
usually between 60 and 90 duys, but at these sltitudes acorms
rarely mature. Unless acorms are carried t¢ the higher eleva-
tionz by animals there is little chance of seedling develop-
ment, and migration of this species musi be largely by vegetative
means at its upper limits.

The autlor discusses 187( photographs that were repeated
TO years later. Identical osk clumps can be rscognized, since
the clumps are about the same shape in the Ister photogrspiis as
in the earlier omes. However, there iz historical svidence of
loecal increases of oak brush in Utah since setilement.
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. 1958, Grovwth retes and vegstative change in tke oak-
maple brush in lower Provo Capyon, tah, Frec, Ukad Acad. Sel.,
Arts and Letters 35: 167~168.

. 2952, The rate of paturalization of Tweix in Utah,
Amer, Midlsnd Kat. £8: 51-57.

. 1563a. BHaturslization of »usmien ¢livy {Eineagrug
anzustifolia L.j in Utah, Awmer. Midlend Maz. £Q: i33-177.

. 1963b. The foothil) bunchgrass vegs.atioa of cenbisl
Utah, EZcology 4k: 156-168.

)7
-

. 196ka. Succession in & moumtain brusch commumity in
centrel Utah, Proc. Utah Acad. Sci., Avts aud ILebtbtere #1: 10-13.

In general, the mountain brush vegetation type has been inter-
preted as a stable vegeiation type from both zersrch and hydrarch
successional patierns. Howsver, in thiz paper en exception to
the general situstion iy discussed.

Throughout lowsr Provo Canyon there are small disjunct and
appavently self-maintsining coniferous stands that occur within
the mountain brush zone. These coniferous gtands are located on
steep north-facing slopes et the tases of high vertical clizfs.
Kear one of thesze coniferous standas is an exangple ¢f a mountzin
brush stand, at an altitude cf 5,100 feet, that is being invaded
by white fir (4bies concolor) azd Douglas fir (Pseudotsuge
menziesii) rather than by other mouncain brush species. o
definite environmenial factors were suggested as posgible reasons
for this unususl successional sequence. This example was inter-
preted as primary succession because there was ne evidence of
disturbance by man in this stard, although logzing did occur in
the early history of otherparts of Provo Canyon.

. 196kb. Utah botany and wild land conservation: =2
ﬁard ihile bibliography, Proc. Utah Acad. Sei., Arts and Letters
1: b4,

A bibliography of approximately 1,400 :oferences to Utah
botany srd wild land management. Included are asrliclies oz botany
per se, biotic commurities, range and wetershed munagement,
forestry, recreatiopal uses of wild lands, aud those aspecty of
zoology and wildlife management that involve plant commnities or
hebitet maragement. Most of the references are to sciepiific
papers and theses, but selected semi-populsr and popular articlzs
are inciuded.

Christensen, E. M., and B. B. Johnson. 198k. Presetilemen’; vegeta-
tionel change in three valleys in central Uteh, Brigham Young Seci.
Buli., Biol. Ser. &, Ko. %, 16 pp.

A careful documentetion of the historicel evidence «f vegeta-
tion changes ix Millard and Juab Counties south of the frgasect
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study erea.

The suthors state t4nt the major decline of grass snd
invagion of magebrugh probably ccsusrod betwzen 1870 snd 1900.
An invasion of junipser o the origine] grass and sagebrush
zonss ig well documephed. They aiss discuss send dune migvation.
The invesion of tamvix {7. Feotaendrs) imto the lowland areas of
. the valleys sirce 192% Lls & conspisoupus feature of the vegetation
chznges in the valleye.

Py
ixt

Westera porkions of the transect study area have likely ex-
perienced vegetation changss similar to those described by

Christensen and Jobhrson.
Clark, J. M., and E. B, Peterson. 168, Iasoletion in relation to cloud
charscterigbics in the Coloradn ¥ront Renge, In: Arctic and Alpine
Epvironments, Proccedings Vil Congress, INGUA, 10: 3-11.

Clausen, J., D. D. Ierk, and W. ¥. Hiesey. 1040, Experimentul studiez
on the nature o. species, I. Effect of varied environsments on
western North Amerdcan plsnis, Carnegle Inst. of Washingbon,
HYashington, D.C., Publ. S2C, 452 op.

Clements; 7. E. 1907. The causes of gduarfing in alpine planis,
Science 25: 287.

- - 1910. The life histoxy of Jodgepole burn foresis,
U. S. Yorest Service Bull. 79, 56 pp.

Colorado Crop and Iivestock Reporting Serviee. 196%. Colorsdo growing
season and freeze probebilities, spring snd fall, Bull. 64-2,
28 pp.

Unpublished.
Coison, De Ver.

1957. Thunderstorm apalvsis in the morthern Rocky
¥ountains, Intermountain Fercst and Hange Exp. Station Regearch
Paper No. 49.

Cook, A. W., and A. Topil. 1952.

Soze examples of chipooks easl of the
mountaing in Colorado, Bull. Amer. Meteorol. Soc. 33: 42-47.
Cooper, C. F. 1960.

Changes in vegetstior, structure and growbth of
southwestern pine Forests since white setilement, Zcol. Monogr.
30: 129-154.

Cooper, W. S. 190%, Alpine vegetation in the vicinity of Long's Pegk,
Colorado, Botan. Gaz. 45: 319-337.

Cormack, R.G.H. 1953. A gurvey of coniferous forest sueccession in the
egsiern Rockies, Forest Chron. 2§: 218-232.
. Costello, U, T.

ighl. Ymportant syeciss of the major forest tvpes in
» Coloradc and Wyoming, FReol. Monogr. 1%: 107-13%.
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Costello, D. F., and R, Price. 1939. Weather and plant develcpment
deta ags determinonts of grazing periods on mounbain ranges, U. S.
Dept. Agric. Tech. Bull. 686, 30 pp.

Cotitem, W. P. 1929. Some phytogeographicsl features of Utah; Proc.
Utah Acad. Sci. 6: 6-7.

. . 1920. Fan 25 & bdbiotic factor illustrated by reecemt
floristic and physiographic changes at Mountsir Mesdows, Washington
County, Utsh, Ecology 10: 361-363.

. 1930. Some unusual {Joriastic features of the Uinta
¥ounteins, Utah, Proc. Ubeh Acad. Sei., Arts and Letters 7: 48-49.

Cottem cited the Uinta Mountains as one of the best examples
of zonal jumbling to be found in Utah. He descrived an ares 10
miles east of Xamas where plant indicators of every temperature
zone found in Utah, except the Lower Sonoran Zone, occur at approxi-
mately the same elevation apd in close proximity.

Extensive stands of lodgepole pine make the Uinta lNountains
the only area in Utah with e characteristic northern Rocky Mountain
ficra. In addition, the glacial lakes in the subslpine region of
thege mountains are the only bogs in Uteh with a typical acid bog
flora, including Sphagnum snd pumerous meumbers of the family
Ericaceze. The Uinta Mountains represent Utah's largest area of
compercial forest, mostly of Fagelmann spruce.

Cottam suggested that these mountaing have served as 2
migratory lane for flora from the Ccloradec drainsge and from the
northern Rocxy Mountains to the Waseteh Mountains snd the Great
Bagin.

. 195k. Prevernal leafing of espen in Utah mountains.
J. Arpold Arboretum 35: 239.

. 1981 Cur remeweble wild lands ~ & challenge. Uriv.
of Uteh Press. 182 oo.

A collection of essays vhich sre an outgrowth of a 1Sk7
lecture entitled, "Is Uiah Sabare Bound?" by Walter P. Cottanm.
The report includes a8 review of the sisius of comservation in Utzh
et the clope of the first century since seiitlemeni. The aubhor
has analyzed some of the present controvevsies regarding the ex-
tent of resmurce deterioration. The article is pertinent to the
treznzect shudy zreas because it includes & discussion of the
history and wvegetetion chenges within Red Butte Canyon and Emigre-
tion Caenyon, within the trensect area just east of 831t Ieke Clity
and with vegetztion changes ir the mountain meadews area of south-
wesiern Utah.

Twenty photographs of varicus lasnpdacapes in Uteh supplerment
the discussions on the relation of piant cover to the hydrologiec
cyele. A good documentation of mon's influemee in chenging the
landscape over a relstively short period of time.
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Cotiam, W. P., and G. Stewart. 1540. Plant succession as a result of
%y_:g and of meadow desiccation by erosion since gettlement in
1 J. Forestry 38: 613-62¢.

Cottam, W. P., ard F. R. Evans. 1945. A comparative studv of the
vegetationr of grazed and ungrazed caanycns of the Wasatch Range,
Utah. Ecology 26: 171.-181.

Cottam, W. P., J. M, Tucker, and R. Drobnick. 1959. Some clu=s to
Great Bagin postpluvial climutes provided by csk distribution.
Ecology 40: 361-377.

This article centers around the presence near Salt Lske City
of oaks that seem to be hybrids between Quercus gambeliil and
Quercus turbinella. The latter is an evergreen ghrub that Jjust
reaches into southwest Utah from the semi-srid chspsrral and
pinyon-juniper woodland of the southwest Urited States. The
authors suggested that the postpluvial Altithermal period (Zrom
about 7,500 to about 4,000 years ago), which was marked by a
warmer and drier climaste than at present, provided suiteble
conditions for the norfhward migration of Q. turbinella. Since
the Altitherma) period this cgk has disappeared from the area of
the Wasatch front, but Q. gambelii and the hybrid cek have per-
sisted.

The high freguercy of tempersture inversions along the front
of the Vasgtchand of the Oquirrh Mountaing iz offered as an
explanation for the fact that the present-day lower limit of
Q. gambelii 1s about 500 feet below the 5 ,400-foot level of the
relict lybrids, which presumably require s wermer mieroclimate
than the Ganmbel oak. Tae authors provide evidence to indicate
that neither the evergreen Q. turbinells nor the hardier Q.
garbells could have persisted along the Wasateh front during the
Wisconsin glaclairion. There are glgo indications that, in pluvial
tires of the postglacial, spruce-fir forest occupled the ereas
above the Bonneville strandline which are now covered by oak.

There are good climatic anslyses in this report and a valusble
discussion ¢f the ecology of Gambel oak in Utah.

Cowles, H. C. 1902. ZXcologial problems connected with alvine vegeta-
tion. Science i5: 459-L60.

Cox, C. F. 19323, Alpine plant succession on James Peak, Colorado.
Ecol. Monogr. 3: 300-372.

Crawford, A. L., and F. B, Thackwell. 1931. Some sgpects of the mud~
flows north of Salt Take City, Utak. Proc. Utsh Acad.Sci.8: 97-105.

Critehfield, V. B. 1957. Geogravhic variation in Pinus contorte. »Maria
¥oors Cabot Foundation Publ. 3, Harvard Univ., Cambridge, Maes.
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Crittenden, M.. B. J. Sharp, anéd F. C. Calkins. 1952. Geology of the
Wasatch Mountains egst of Salt lake City; Pariey's Canyon to
Traverse Range. Guldebook to the Geology of Utsh, pp. 1-T1.

Croft, A. R., end R. B. Marston. 1950. Swmer rainfell chsracteristics
in northern Utah. Trans. Amer. Geophys. Union 31: 84-G5.

Croft, A. R., and L. V. Monniger. 1953. Evapotranspiretion and other
water losses on some aspen forest types in relstion to water
available for stream flcw. Trans. Amer. Geophye. Union 3k:
563-5T4.

Crowley, J. M. 1964. Ranches in the sky: a geography of livestock
ranching in the mountain parks of Colorado. FPh.D. Thesis, Univ.
of Minnesota, Minneaspolis.

Curry. R. R. 1962. Geobotanical correlations in the alpine and sub-
alpine regions of the Tenmile Range, Summit County, Colorado.
M.S. Thesis, Univ. of Colo., Boulder.

Curry, Robert C. 1966. Observations of alpine mudficows in the Tepmile
Range, Central Colorado. Bull. Geol. Soc. Amer. T7: TT1-TT76.

Curtis, B. €. 1950. Structure of the north flank of the Uinta Moun-
tains, Wyo. Gecl. Assce. Guidebook, Southwest Wyoming Geology:
03-102.

Daly, R. A. 1905. Summit levels ameng alpine mountains. J. Geol. 13:
105.

Daubenmire, R. F. 1938. Merriam's life zones of North America. Quart.
Rev. Biol. 13: 327-332.

. 19k1. Some ecological features of subterranean
orgens of elpine plants. ZEeology 22: 370-379.

194%2. An ecological study of the vegetation of south-
castern Washington and adjacent Idsho. ZEcol. Monogr. 12: 53-79.

. 1943. Soil temperature versus drought =g a factor
determining lower aliitudinal limits of trees in the Rocky Moun-
tains. Botan. Geg. 105: 1-i3,

. 194%3. Vegetaticnal zonation in the Rocky Mountains.
The Botan. Rev. 9: 325-303.

Up to the publication date, the 175 references in this review
article provide useful background information for the following
vegetation zones: elpine, spruce-fir, Douglas fir, ronderosz pine,
Juniper-pinyon, osk mountain mahogany, and vegetation of the hasal .
plains.
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Eaen of tne five forest olimex aszociatione occéupies shout
2,000 feet of vertical elovsitior. The upper altitudiral limits
6f spzcieg s=dm tc be determined bty the relsiive physlologic
efficiency of temperatuce Gvrirg the growing season and upper
+imherline is usually cesusea by vhysiologic drought resuliing
from the copcomitance of high wind velocities snd cold soil.
Vaubenmive suggested that the lower altitudinal 1imits generally
sre determired by drought, although lower timberline is frequently
elevated sbove its climatic limits by bodies of fine-textured
soil at low altitudes.

The author made suggestions on the significance of diescon-
tinuities of zomes, lack of zonation, mountain parks, and the
implications of Pacific coast species in the Rocky Mountain flora.

. 1952. Forest vegetation of morthern Idaho end ad-
Jacent Weshington and its bearing on concepts of vegetation
classification, Ecol. Momogr. 22: 301-330

. 1954. Alpine timberlines in the Americes and their
interpretation, Butier Univ. Botan. Studies 11: 119-136.

. 1956. Climete as a determinant of vegetation dis-
tribution in eastern Washington and northern Idsho, Ecol. MNonogr.
26: 131-154.

Daubenmire, R. F., and A. ¥W. Slipp. 1943. Plant succession_on talus
slopes in northexrn Idaho as influenced by slope exposure, Bull.
Torrey Botan. Club T0: 473-480.

Davis, W. M. 1911. The Colorade Fronit Range, a study in physiographic
presentation, Ann. Assoc. Amer. Cecg. 1:21-83.

Deevey, E. 5., Jr. 1949. Biogecgraphy of the Pleistocenme, Bull. Geol.
Soc. Amer. 60: 1315-1416.

Diettert, R. A. 1938. The morphology of Artemisie tridentate Nutt,
Lloydia 1:3-Th.

Dixon, H. 1935. Ecological studies on the high plateaus of Utsh,
Ectan. Gez. 97: 272-320.

D'0Ooge, C. L. 1955. Continentally in the western United States, Amer.
Meteorol. Soc. Bull. 36: 175-177.

Corroh, J. H. 1946. Certain hydrologic and climstic characteristics
of the Southwest, Univ. of New Mexico Press, Albuquergue.

Douglass, M. M. 1954, Ecology of forest succession on a ridge in the
subalpine forest of northexrn Colorado, M.S. Thesis, Univ. of
Colorado, Boulder.
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Dutton, C. E. 1882. Geology of the high plateaus of Utah, U. S. Geol.
Suxrv. Morogr. 2: 242,

Dyson, J. L. 1952. Glaciers of the American Rocky Mountaing, Trienn.
Rep. Cormitiee on Glaeiers, Sect. of Hydrol., Amer. Geophys. Union,
Amer. Geog. Soc., 37 rp.

Eardley, A. J. 1933. Strong relief before block faulting in the
vieinity of the Wasatch Mountains, Utah, J. Gecl. 11: 2i43-267.

. 193k. Structure ané physiography of the southern
Wasatch Mountains, Utah, Bull. Geol. Soc. Amer. 50: 1277-1310.

. 1939. Structures of the Wasstch -~ Gres® Basin rog:iom,
Bull. Geol. Scc. Amer. 50: 1277-1310.

. 194k, Geology of the north-central Wesatch Mountains,
Utah, Geol. Soc. Amer. Bull. 55: B19-89%.

Eardley, A. J., and E. L. Bentner. 193k. Geomorpholcsy of Marysvaie
Canyon and vieinity, Uiah, Proc. Utash Acad. Szi. 149-159.

Fardley, A. J., V. Gvosdetsky, and R. E. Marsell. 1957. Hydrology of
Lake Bonneville and sediments and soils of its basin, Geol. Soc.
Amer. BL‘.].ll 71-: 1?3"132*1;’1

Elder, M. E. 1912. Rcadside plants of a high mountain park in Colorado,
Torreya 12: 175-180. .

Eliison, L. 1943. The pocket gopher in relation to soil erosion oa
mountain ranges, Ecology 24: 101-11%4. -

1949. Establishment of vegetation on & depleted sub-
alpine range as influenced by microerviromment, Ecol. Forogr. 13:
95-121.

. 195k, Subalpine vegetation of the Wasatch Platesu,
Utah, Ecol. Monogr. 24: 59-184.

The Wesatch Plateau in central Ufah lies just south of <he
transect between 39° and 40° latitude north and 110°00' and 111°k0°
longitude west. This paper gives a reconstruction of the originml
cover on herbaceous uplands {average elevation about 10,000 feet)
and a description of the gross changes that have tszken place in
vegetation and soll since first utilizetion dy white settlers.

Included in this report are some excellent pairs of rhoto-
graphs that show changez in the appesrance cf the lsndscape during
a three~ or four-decade interval. A ithree-page description of
the climate and a T6-page description of plant communities is given




for the Wasatch Plateau. A list of 205 seed plants of the plateau
and a Libliography of kk references are included.

The dominent influence on the subalpine vegetation has been
the grazing of domestic livestock which began about 1870. The
plateasu was so overrun with sheep that it became reduced in the

. '80's and '90's to a "vast dusi bed". As 2 result of removal of
this heavy grazing pressure, great increases in vegetation cover
have occurred in many parts of the subalpine zone during the last
L0 years, but changes in vegetation on permanent quadrats during
the past decade or iwo suggest that the upward trend has ceased.
In other words, the later stages of secondary succession are
slower than the initial changes from the lowest stage in second-
ary succession.

In addition, losses of soil by accelerated erosion are con-
tinuing. Accelerated scil erosion is not a successional procsss
as is soil development. When the soil mantle has been stripped
eway, leaving only bedrock or erosion pavement, rapid improve-
ment through secondary svccession is no longer possible; the only
possibility of improvement is by the siow »nrocess of soil forma-
tion and primery succession.

. 1960. Influence of grazinz on piant guccession cf
rangelands, The Botan. Rev. 26: 1-T8.

This review arbicle provides & summary of pubiished informs-
tion on the effects of grazing for most of westerr United Stabes.
The discussions include the following vegztatioa typeg of the
Denver-Salt Iske City transect area: sagebrush sssofistion;

- seltbush-greasewood association, mounitain trush and chszarrel
zone, montane forest zone, and subalpize forzst.

There is mech evidence thet uander heavy grazing mest pais-

. table grasses and forbs are elimirated and segsbrush iucreages,
but Ellison does not accept the view that the widespresd sage-
brush associstion is proverly grasslend and that the presence of
sagebrush throughout is solely the rasult of man's G dturbarce.
Sagebrush is greatly retarded by Lire, wheregs chegtgrass is en-
couraged. On sagebrush-theatgrass range thers sppears tc be a
continual tug-of-war; sagebrush persistently reinvades, but re-
current fires maintain dominance of the ennusls.

Eilison, L., A. R. Croft, and R. W. Bsiley. 1951. Imdicators of
conditions snd trend on high range watersheds of the intermountain
region, U. S. Dept. Agric. Forest Service Handbook 19, €6 pp.

Ellison, L., and C. M, Aldous. 1952. Influence of pocket gophers on
vegetation of subalpine grassland in cemntral Utah, Ecology 33:
177-1_86’

Enerson, F. W. 1932. The tension zone between the grama grass and
pinyon-juniper associstions in nortnesstern New Mexico, Ecology 13:

347-358.
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Brdman, K. S. 1961. Classification and distribution of the native txees
of Utah, M,A. Thesis, Brigham Young Univ., Provo, Utah.

Egchman, D. F. 1955. Glaciation of the Michigan River Basin, North
Park, Colorade, J. Geol. 63: 297-213.

Evans, P. !é 1926. An ecologicel study in Utah, Botan. Gaz. 82:
253"2 So

Fautin, R. W. 21946, Biotic commuaities of the northern desert shrub
biome of western U{ah, Ecol. Monozr. 16: 251-310.

Fennemen, N. M. 1905. Geology of the Boulder district, U. 5. Geol.
Surv., Bull. 265.

. 1931, Physiography of Western United Staiee,
MeGraw-Hill Book Co., New York, 534 po. ’

A classic in the field that is still of considerable use
today. It utilizes a regional breskdown of the United States
based on physiogrephic provinces, which are further subdivided

into section. The regional breakdown employed is still generally
accepted today.

Fetherholf, J. M. 1017. Aspen as & permanent forest type, J.
Forestry 15: 757-7€0.

Fireman, M., and H. E. Hayward. 1952, Indicator significance of
some shrubs in the Escalarte Desert, Utah, Botan. Caz. 114:
143-3155.

Flint, R. F. 1957. Glaciel and Pleigtocene Geclogy, John Wiley and
Sons, New York, 553 pp.

Flowers, S. 193%. Vegetation of the Great Salt Iake Region, Boten.
Gaz. 95: 353-418.

Fogarty, C. F. 1951. DPediments of the Golden-Morrison ares, Jeffer-
son County, Colorado, Geol. Soc. Amer. Bull. 62: 153% (abstruct).

Forester, J. D. 1937. Structure of the Uinta Mounteins, Ceol. Soc.
Amer’ Bull' 2*"8: 631-6600

Forsling, C. L. 1931. A study of the influence of herbaceous piant
cover on surface run-off and soil erosion in relation to grazing
on the Wasetch Flategu in Utah, U. S. Dept. Agric. Tech Bulld. 220.
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Fowelis, H. A. 1965. Silvics of forest trees of the United States,
U. S. Dept. Agric. Forest Service, Agric. Handbook Fo. 271, T62 pp.

Life histories of trees and their responses to the eanviron-
ment. One hundred and twenty-seven species are discussed, includ-
ing the following from the transect study area: subalpine fir,
white fir, Rocky Mountsin juniper, Engelmann spruce, lodgepole
pine, pinyon pine, ponderosa pine, aspen, Rocky Mountain Douglas fir.

An up-to-date range map is included for each speciea, includ-
ing the range within Canada or Central America for species that
extend beyond continental United States. The text description for
each species is organized under the following headings: climate,
soils and topography, associated trees and shrubs, flowering and
fruiting, seed production and dissemination, seedling development
and reproduction, growth and yield, reaction to competition,
principal enemies, and races and hybrids.

Several hundred bibliographic references are listed with a
geparate citation 1list for each species and & general bibliogrephy
on the tree and its enviromment, dendrology, eatomology and
pathology, climate, soils and silvies.

Fowells, H. A., and B. M. Kirk. 1945. Avsilability of soil moisture
to ponderosa pine, J. Forestry %3: 601-6Ck.

Fryxell, F. M. 1930. Glacisl features of Jackson Hole, Wyoming,
Augustana Library Publ. 13, 125 pp.

Garstka, W. U., L. D. Love, B. C. Goodell, and F. A. Bertle. 1958,
Pactors affecting snowmelt and stream flow. A report on the 1946~
1953 cooperative snow investigations at the Fraser Experimental
Forest, Fraser, Colorafo, U. S. Dept. Interior, Bur. Reciam. and
U. S. Dept. Agric., Forest Service, 189 pp.

Gates, D. T., L. A. Stoddart, and C. W. Cook. 1956. Soil as a factor
influencing plant distribution on salt-3eserts in Utah, Ecol.
Monogr. 26: 155-175.

Gates, D. T. 1956. Ecology of plant distribution on the salt deserts
of Utah, Pa.D. Thesis, Utah State Agric. College.

Geiger, R. 1965. Climate near the ground, Harvard Univ. Fress.,
Cawbridge, Mass.

Geologic Map of Colorado, 1935. U. S. CGeol. Survey.

Geologic Mep of Kortheast and Northwesi Utah, 1963. Colliege of Mines

and Mineral Ipdustries, Univ. of Utah, Szlt lake City, Uvah
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Gilbert, G. X. 1830. ILake Pomneville, U. S. Geol. Surv. Honograph 1.

Gilbert notes Endlizh's view (4nn. Report, U. S, Geol. and
Geog. Surv. of Terr. for 1877, p. 641) that Colorado glaciabion
wvas due to moisture from Iske Bomnevilie. He argues thst siace
the lake {and simdiar lakes} carz only have returned to the air
moisture precipitation from i%, they cannot have Incregcsed the
total meisture. During the period of overflow, the total mois-
ture returned o the sir was even less than that lecet.

Rises and falls of lLeke Bonneville are fairly well dated,
end reasons for these fluctuations gemerally well decumented.

190k, Systematic asymmetry of crest lines in the
Sierras, J. Geol. 12: 579-588.

.1928. Stuaies of basin and range structure, U. S.
Geol. Surv. Prof. Paper 153.

Gilluly, James. 1928. Basin range faulting aiopz the Oquirrh Range,
Utah, Bull. Gecl. Soc. Amer, 39: 1103-1130.

Glemn, C. L. 1961. The chinook, Weatherwise 14: 175-182.

Goodwin, D. L. 1956. Autecological studies of Artemisia tridentata
Nutt, Ph.D. Thesis, State College of Washington, Puilman.

Gorton, K. A., 1941, Geology of the Cameron Pass area - Grand, Jackson,
and Larimer Counties, Colorado, Ph.D. Thesis, Univ. of Michigan, Ann Arbor

Gra.hama E.I;H. 1935. Botanizing in the Uinta Basin, Cernegie Mag. @:
143-14T.

. 1937. ZEBotazical studies in the Uinbte Besin of Uteh
and Colorado, Ann. of Carnegie Museum 26: 432 pp.

The best single reference for information on the Uinta Basin.
Vegetation zones and associstions are discussed in debgil, al-
though meny species names used in 1937 are no longer valid. Of
most interest is Graham's treatment of vegetation zones adjacent
to the basin. For the north side of the basin (south slope of
Uinta Mountainsg) he listed the following zones and altitudinal
limits: mixed desert shrub (4,500 to 5,500 feet); juniper-~
pinyon (5 500 to 7,000); sub-montane shrub or mid-altitude sage-
brush (7,000 to 8,000); aspen (8,000 to 8,700); lodgepole pine
(8,700 to 10,000); spruce-fir (10,000 to 11,000}; alpine (311,000
to 13,500).

These are compared with the zonmes on the south side of the
besin (north slope of Tevaputs Plateau, about 100 miles scuth of
the Uinta Mountains): mixed deserv shrub (4,500 to 6,000 feet);
juniper-pinyon {6,000 to 7,500); sub-montzne shrub, aspen and
spruce~-fir (7,500 to 10,000).
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On the Tavaputs Platesgu at 10,000 feet there are extensive
areas of sagebrush, whereas at the same altitude in the Uinta
Mourtains there are demse forests of lodgepole pine or Engelmann
spruce, despite the zouth slopz of the Uintas and the presumably
cooler north slope of the plateau. Graham explained this apparent
’ anomaly with the suggestion that the 10,000-foot Tavaputs Plateau

did not reach an altitude great enough to ensure e source of
moisture throughout the growing season, as there is from the
melting summer snowbanks on the slopes of the Ulnta Mountains.

Zonation east and west of the Uinta Bazin was not distinet.
Between the Wasatch Range and the edge of the Uinta Bosin the
vegetation is a mixture of mid-altitude sagebrush, juniper-pinyon
end upper-aititude forest types without any appareut zonstion.
The report contains maps, topographic cross-section diagrams and
22 photographe of good quality.

Griggs, R. F. 1938. Timberiines in the nershern Rocky Mountains,
Ecclogy 15: 548-564,

. 1946, Tie timberlimes of northern America and their

interpretation, Eeology 2T: 275-239.

. 1956. Competition and succession on a Rocky Moun-
tzin fellfielé, Ecology 37: 8-20

Thirty-three spacies were observed to invede cushions of
Silene acaulis; 22 were observed to invede Arenaria obtusiloba;
10 invaded cushions of Faronychis pulvinata; 21 invaced Tri-
folium nanum and seven species invaded Trifeliuwm dasyphyllum.

The invasions followed a regular pattern from vwhich a tenta-
tive competitive ladder for some of the tundra species was set up.

Hodley, R. F., and F. A, Branson. 1965. Surficial geology and micrc-
climatic effects on vegetation, soils, and geoworphology in the
Denver, Colorado, area, In: International Association for Qua-
ternary Research Guidebook for One-day Field Conferences, Boulder
Area, Colorado.

Haig, I. 193). TForest types of the northern Rocky Mountains and their
elimatic controls, J. Forestry 29: 1104-1105.

Hoil, W. J., and G. E, Lewis. 1960. Probable late Miocene age of the
North Park formation in North Park area, Coloresdo, U. S, Geol.
Surv. Prof. Paper 400-B, B259-B260.

Hales, W. B. 1931-32, Drought frequency and intensity in Utah, Utah
Acad. Sci. Proc. 9:61-64.

. 1933. Canyon winds of the Wasatch ¥ountains, Bull. Amer.
. Meteorol. Sve. 1l&: 19%-19f,
"Canyon winés bicw every day th® weather is clear, but never
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when it is cloudy, unless a region of high pressure lies to the
east followed by a low pressure ares to the west and north.

Then develops & strong east wind, often violent and destructive."
These winds lengthen growing seasons tremendously in their parts.
They are a comparatively shallow phenomenon. They reach e maxi-
rum velocity of 30 mph about 4 a.m. and subside quite rapidly
after sunrige. They spread out in & fan-like shape over the
valley floor. Their velocity is reduced as one proceeds awey
from the canyon mouth and to the north and south of a central
line of maximum velocity.

. J947-48. Characteristics of prevailing winds at
Provo Municipal Airport, Proc. Utah Acad. Sei. 25: 117-126.

Hell, H. H. 1953. The impact of man on the upper valley allotment,
Garfield County, Uteh, M.3. Thesis, Univ. of Utah, 3zlt Lake City.

Hall, M. T, 1952. Varietion and hybridizetion in Juniperus, Mizsouri
Botan. Garden Ann. 39: 1-64.

Hanpna, L. A. 193%. The major plant communities of the headwater area
of the Little Laramie River, Wyoming, Univ. Wyoming Publ. Botan. 1:
243-266.

Hanshaw, B. B. 1958. Structural geologyof the west side of the Gore
Range, Colorado, Unpubl. Master's thesis, Univ. of Colorado, C4 pp , Bolder.

Hanson, H. C. 192k. A study of the vegetstion of nortkeastern Arizona,
Univ. of Nebraska, Univ. Stud. 24: 35-175, Lincoln, Hebraska

. 1955. Characteristics of the Stips cometa-Bouteloua

gracillis-Boutelous curtipenduls associstion in northern Colerado,
Ecology 36: 269-280.

Floristic information on the chief grassland communities of
the mountain front--grasslznd contact zone of northkern Colorado,
between Big Thompson and Little Thompson Canyons snd between
eltitudes of 5,300 and 5,600 feet.

Most of the discussion deals with the association named in
the title above because stands of this association oncur over a
wide range of topographic and edaphic conditicng. The nuuber of
species per stand in this association varied from 23 to 49, with
a total of 89 species in eight different stands of the association.

Other grasslané commmities were differentiated on the basis
of abundance of one of the following spscies: big bluestea or
little bluestem (cheracteristic of mixed prarie snd tali-grass
prarie further tc the east on the Great Flains}, Agropyron )
smithii {characteristic of sagebrush-bunchgrass aress to the west),
Artemisiz glauca, or Bromus tectorum {chestgrass).

The chiel shrud commurity is mountain mahogany (Cercccarous_
pontanue) which occurs op meore rocky sites and is ususlly higher
on the slopes then the foothill grassland communities. OCther
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sorub commmnities sre charecterized by PhysoCarpus monogynug on
sore north slopes, Rhus itrilovats on varicus sites, and Rubug,
Ribes and Symphoricarros species in the velievs. DPonderosa pine
is oftven scathered among the mountain mehogany on rock outereps,
particularly those of the Dakota Tormatlon.

Hanson, H. C., and E. Dahl. 1557. Some grassland commnities in the
mountain front zone in northern Colorsdo, Vezatatio 7: 2L9-264,

Henscn, H. L. 1047. Evolution of certain floristic associations in
weghtern North Aperica, beol. Momogr. 17: 201-210.

Harringbon, H. D. 1946, Resulia of a seediing experiment at high
altitudes in Rocky Mountain Nstiomal Perk, Feology 2T7: 375-377-

. 195h. Mapuzl of the plants of Colorado, Sage Books,
Denver, 556 pp.

Harrison, A. E. 1956, @Glaciel activity in the westerm United States,
J. Glacioi. 2: 666-668.

darshberger, J. W. 1629. The vegetetion of the screes or talus
slopes of western Korth Ameries, Amer. Phil. Soc. Proc. 68: 13-25.

Hart, P. C. 1937. Precipitation end runoff ip relation te altitude
in the Rocky Mountain region, J. Forestry 35: 1005-1010.

Hastings, J. R., and R. M. Turner. 1965. The changing mile: an
ecological study of vegeiation with time in the Zcower mile of an
arid and semi-arid region, Univ. of Arizonas Press, Tucson, 317 pp.

Hayden, F. B. 187k. Geology of the Elk Mountains. U. S. Geol. and
Geog. Surv. of the Terr., Tth Annual Report: 53-69.

Hayward, C. L. 1945. 3Biotic commumities of the southern Wasatch and
Uinta Mountains, Utah, Great Basin Naturalist 6: 1l-12h.

. 1948. Biotic commmnities of the Wasatch chaparral,
Utah, Ecol. Monograph 18: 473-506.

. 1952. Alpine blotic commimnities of the Uinta Moun-
talus, Utah, Eeol. Monogr. 22: 93~113.
& The biotic communities at and above ticberline in the Uinig
B Mounteins were discussed by Hzyward under the following headings:
open water, wet meadow, dry meadow, sliderock and fell communities,
and krummholz.

In this area the succession of communities that has followed
the dilsappearance of the jca has been extremely show because of
the short season of growth aad the iastabllity of steep slopes.
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Furihermore, the long period of sheep grazirg im the alpine tundrs
has uad an wkaowvn effect upon processes of commmunity develozment.
The gradual infilling of ponds asppesrs to be accomplished moxe by
physienl $hap by biotic factors, i.e., mainly by washing in of
sediment from surrounding areas rather than from accummlaticn of
organic matter from the scanly vegetation.

fn epparent florigtic difference from the Colorado Rocky
Mountains is that Hayward reported no fruiticose lickens (Clsdonia)
in the alpine commmumnities, whereas these are present in some alpine
aress of Colorado. According tc Hayward's date, at least i8 inches
of 801l seem to be necessary Tor the esbablishment of a permanent
plent community. In the Uinta Mountains, Engeimsnn spruce is the
predominant tree at timberline, tub lodgspole pine and cresping
Juniper are also present.

Hayward, C. L., D. E. Beck, and ¥W. W. Tanner. 1958. Zoology of the
upper Colorado River tasin, Brigrem Young Sei. Bull., Bioi. Ser. 1,
Fo. 3, T4 pp.

Although this is a review primarily of fauns of the upper
Colorado River besin, this pubilcation is psriinent beceuse of the
excellent landscape photogrsghs that are inciuded. The }anila ares
in northzastern Utah, and the vesterr part of the Uinta Basin, both
of which lie within the trangect study ares, are discusaed. De~
seriptions of blotic communities, geology, topography, gensral
climstic conditions and a history of exploraiion are gilven for the
upper Colorado River region.

Heyward, H. E., and L. Bernstein. 1958. Flan% zrowth relationships on
sglt-affected soils, Botan. Rev. 24: s8u.835.

Henry, A. J. 1919. Increage of precipitation with aliitude, Monthly
Weather Rev. 47: 33-41.

Herman, F. R. 1958. Silvical cheractexristics of Rocky ountein juriper,
U. S. Dept. Agric., Rocky Min. Forest anG Range Exp. Sta., Station
Paper 29, 20 pp.

]

Hess, D. 1959. Ecological studies of the growth of ponderosa vine on
the east slope of the Rocky Mountsin Front Hange in Boulder County,
Lolorado, Ph.D. Thesis, Univ, of Coloradc, Boulder.

Hill, J.M. 1913. Notes onthe northern la Sal Mountains, Grand County,

Ttah, U. S. Geol. Surv. Bull. 530: 99-118.

Hironaka, ¥. 1963. Plant environment relations of major species in
sagebrugh«grana vegetation of soubhern Idaho, Pan.D, Dissexritation,
Univ. of Wisconsin, Madison.
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Hoff, C. C. 1957, A comparison of s0il1, ciimate, and biota of conifer
and aspen comminities in the central Rocky Mountains, Amer, Mid-
iland Ratur. s 115-140.

The author demopstrates sherp changes in soil ang soil mois-
ture under aspen. The objective was to study the differences in

- mieroclimate, 80il, and faune of aspen groves and adjacent conif-

erous foreshts in Medicine Bow Rational Forest s Wyoming; and

Roosevelv Hational Forest s Colorado. Comparisons were made in 35

localities for each of which precise map locations and ecological

descriptions are given,
No consistent differences were found between the twn types of
communities with respect to relstive humidity, air temperature,

or light intensity during the growing season. These microclimatic

factors sppear to be related to topography rather than to the

nature of the dominant Plents. At lower elevations where poa-
dercsa pines occur in relatively open stands there is & higher
eévaporation rate among the rines than among the aspen. At higher
elevations where the conifers form a dense stard and the aspens
are in more open stands » the evaporation rate among the aspens
exceeds thet ir the conifers.

Holeh, A. E., B, W, Hertel, W. 0. Oakes and H. H. Wnitwell. gkl
Root habits of certain plants of the foothills and elpine belts
...-—,—--.___._..__._____‘——-R..____..__._‘ = —-—s——_—._____...,'E’__T_____,_
of Rocky Mountain Yational Park, Ecol. Yonogr. 11: 27-345,

Holm, T. E. 1927. The vegetation cf the alpine region of the Rocky
Mountains in Colcrado Mem Nat. Aced. of Sci. 19: 145,

The author discussed the morphological characteristics of
alpine plants and pointed out that creeping shrubs and caespl-
tose herbs forming cushioas are characteristic. Deseriptions of
& nurber of root systems reveaeled that fleshy rhizomee and bulbs
aré uncommon and tuberous stolons are absent.

Almost all alpinpe plants are perennials and reproduction is

- accomplished hv over-wintering buds that lie close to the ground
end are protected by dead foliage. Many of the roots are ghallow
and are thus able to absord surface wster readily. The caespi -

tose and dense cushion habits of many of the Plents serve to
retard runoff from the ground surface and also discourage loss of
vater by transpiration.

Holmes, W. H. 1876. Report om the geology of the northwestern por-
tion of the Elx Range, U. S. Geol. ard Geog. Suzv. of ihe Terr. ,
Sth Znnual Report: 59-71.

Holmgren, 4, H. 1948, Hangbeok of the vascular plants of the northern
Wassiseh, Lithotype Proceas Co., San Francisco s 202 pp.

Holway, J. G. 1982, “henology of Colorado alpine plants, Ph.D.
thesis, Colorado State Uwiv. s Fort Colling.
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Holway, J. G., and R. T. Ward. 1965. Phenology of alpine plants in
northern Colorado, Ecology 46: T73-83.

During the summers of 1960 ané 1961, ten stations representing
variations in slope, exposure, elevation, snow cover snd vegetation
cover were eptablished in a 300-acre site, ranging from 10,600 to
11,200 f2et jn the northern part of Rocky lMountein National Park,
Colorado. The purpose was to collect environmental data for corre-
lation with stages of development of abouvt 75 species of alpine
plants from early June to late September.

Details of phenology are presexted in the article and will
not be annotated here. Attentior is drawn to this article as
another source of enviroomental data for the Front Range region
during the growing season. The large varietion in environmental
conditicns and vegetation within short distances in the alpine
reglon is evident from the data of this work.

Holway, J. G., apd R. T. ¥ard. 1963. Snov and meltwater effects in an
erea of Colorsdo alpine, Amer. Midlard Naturalist 69: 189-197.

Hooker, J. D., and A. Gray. 1880. The vegetation of the Rocky Moun-
tain region and s comparison with that of other parts of the
world. U. S. Geol. Surv. Terr. 6: 1-62.

Horberg, L. 1952. Interrelations of geomorpholozy, glacial geology,
and Pleistocene geclogy, J. Geology 60: 187-190.

Howard, A. D. 219ki. Rocky Mountsin peneplains or pediments. J.
Geomorphol. 4: 138-141.

1956. Uplend surfaces of the Rocky Mountains,

Eighth Report, Comm. for Study and Correlation of Erosion Surfaces
around the Atlantic Internat. Geog. Uninn 9th General Assembly,
Rio de Janiere, 1956.

Howe, E., and W. Cross. 1906. Glacia) phenomena of the San Jusn
Mountains, Coloradc, Bull. Geol. Soc. Amer. 17: 251-274.

Howell, J., Jr. 1941. Finon and juniper woodlands of the southwest.
J. Forestry 39: 542-545,

Hubbs, C. L., and R. R. Miller. 1938, The Great Basin with emphasis
on glacial and pogtglacial times. IIX. The zoological evidence,
Univ. Uteh Bull. 38, Ho. 20: 15-166.

Hulbert, L. C. 1955. Ecological studies of Bromus tectorum and other
annual bromegresses, Ecol. Mopogr. 25: 181-213.

Hunt, A, P. 1958, Structwral and igneous geology of the Ia Sal Moun-
teins, Utah, U. S. Geol. Surv. Prof. Paper 294-I: 305-36h.
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RBunt, C. B. 1954. Pleistocene and Recent deposits in the Denver ares,
Colorado, U. S. Geol. Surv. Bull. 996-C: 91-140,

Imsheug, H. A. 1957. Alpine lichens of western United States and ad-
Jacent Canada. I. The microlichens, Bryclogist 60: 177-2T72.

International Assoc. for Quaternary Research. 1965. VII Congrees,
Guidebook for Field Conference E -~ Northern snd Middie Rocky
Mountains, 129 pp.

Ives, R. L. 1928. Glacial geology of the Monarch Valley, Grand County,
Colorado, Geol. Soc. Amer. Buil. 49: 1045-1066.

. 1938. Weather phenomena of the Colorado Rockies,

J. Franklin Institute 2256: 691-755.

. 1939. River fogs of the Colorado Valley, Bull. Amer.

Meteorol. Soc. 290: k15-L17.

. 19%0. Rock glaciers in the Colorado Front Range,

Bull. Ceol. Soc. Amer. 51: 1271-129L.

1941a. Tundra ponds, J. Geomorphol. 4: 285-296.

1941b. Forest replacement rates in the Coloradc

headwater area, Bull. Torrey Botan. Club 68: L4O7-408.

. 19%1c. Rapid identification of the montane-subalpine

zone boundary, Bull. Torrey Botan. Club 68: 195-197.

Johl. Colorado Front Range crest clouds and re-

lated phenomena, Geog. Rev. 31l: 23-45.

1048. Recent climatic fluctuations in the Great

Basin region of the United States, Weather 3: 374-379.

1950. TFrequency and physical effects of chinook

winds in the Colorado high pleins region, Anmn. Assoc. Amer.
Geogr. 60: 293-227.

. 1950. Glacistions in Little Cottonwood Canyon, Utah,
Sei. Monthly T1: 105-11T7.

. 1652, Snow-eaters of the high plains, Weatherwise

5: 599-600.

1953. Iater Pleistocene glaciation in the Silver

Lake Valley, Colorado, Geog. Rev. %3: 228-~252.
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James, J. W. 19606a. Precipitation climstology along the east slope of
the Coloradc Front Renge--some descriptive and physical observa-
tions, Unpubl. paper presented at the annual meeting of the Rocky
Mountain Soclal Science Associastion, Fort Collins, Colorado,

May 1966, 10 pp.

. 1966L. Route %0 Mountain Environment Transect, Colorado
end Utah, Inst. for Arctic and Alpine Research, Univ. of Colo.,
Boulder. Final report Contract DA19-129-AMC-UT2(N). Project

No. IK-02400-1 129.

James, S. L. 1930. Herbaceous vegetetion of the two mesas near
Boulder, Colorado, M.S. Thesis, Univ. of Colorado, RBoulder.

Jameson, D. A. 1961. Heat and desiccation resistance of tissue of

importaent trees and grasses of the pinyon-juniper type, Botan.
Gaz. 122: 174-179.

Johnson, A. W. 1956. Ecology of subalpine foxest communities in the

Silver Lake Valley of the Front Range in Colorado, Ph.D. Thesis,
Univ. of Colorado, Bolder, Colo.

Johnson, P. L., and W. D. Billings, 1962. The alpine vegetation of
the Beartooth Ylateau in relation to cryopedogenic processes
and patterns, Ecol. Momogr. 32: 105-135.

Johnson, W. M. 1945. Natural revezetation of sbandoned crop lend

in the ponderosa pine zone of the Pikes Peak region in Colurado,
Ecology 26: 363-37h4.

. 1956. The effect of grazing intersity on plant
composition, vigor, and growth of pire-bunchegrass ranges in
central Colorado, Ecology 37: T9C-79%.

. 1962. Vegetation of high altitude ranges in

Wyoming as related to use by game and sheev, Agric. Exp. Sta.
Bull. 387, Univ. of Wyoming, Laramie.

Johnson, T. N. 1962. One-seed juniper invasion of ror.aern
Arizona grasslands, Xcol. Monogr. 32: 187-207.

Jones, W. D., and L. O. Quam. 2394k. Glacial landforms in Rocky
Mountain National Park, Colorado, J. Geol. 52: 217-23.

Jorgensen, R. D. 1958, Relation of three Artemisie species to snow-
! fall, Colorado-Wyoming Acad. Sci. 4: 33.

Judson, Arthur. 1964%. Relative immortance of weether factors

, creating siab avalanches ir Colorado, Proc. Vestern Snow Conf.,
4pril 196k, pp. 60-6T.
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. 1965. The weather and clirate of a high mountain pass
in the Colorado Rockies, U. S. Forest Service Research Faper,
RM¥-Zo, 28 pp.

Oce of the few descriptive and physicel «palyses of the climate
of such & high ares (over 11,000 feel} in the United Ststes.
Sunmarizes basie data collected over a number of years st Bert-
houd Pass, ipcluding wind, precipitation, temperature, humidity,
and snowfall. Relates weather oncurrences to synoptic climatic
types. Liberal use of tables, graphs, and maps.

Comparison of wind regime at Berthoud Pass with obther windy
sites in the world, such as Mount Wsshington, Mount Fujli, ete.,
suggests that the Riwot Ridge area snd other portions of high
elevations of the Front Range rank only bhehind Mount Fuji, Hount
Washington and the Jungfrauvjoch in Switzeriané in being the
windiest known places in the world.

Kaliser, Bruce N. 1967. Giant fault straddles SL (Salt Lske City)
lifeline, Quarterly Review, Utah Ceological and Mineral Survey
1 (31): 6-1.
This release documents activity of the Wasatch fault.

Keiner, W. 1935. Structurcl analysis of alpine vegetation on Iong's
Peak, Colorado, d. Colorado-~Wyoming Acad. Sci. 2: 50-51.

. 1939. Socisloglical studies of the alpine vegeta-
tion on long's Peak, Colorado, Ph.D. Thesis, Univ. of Nebrasks,
Iinecoln.

Kershaw, K. A. 1963. Pattern in vegetation and its causality,
Ecology 4#4: 377-388.
* Morphological pattern may be simply a result of the mor-
phology or reproductive methods of a2 particular species. Vege-
tative reproduction by lsyering of the lower branches in sub-
alpine conifers could rerult in a vegetstion pattern of the kind
suggested in this category.

Environmental pattern is much better known because ths
effects of major discontinuities of euvironmenital factcra upon
vegetation are often well marked. In this study the torm
sociclogical pattern is intended to cover a raage of pattera
units, The products of geveral interrelated caussl factors.

This category includes patterns that are partly & resnlt of in-
tringic properties of the plants themselves and partly a re-
flection of mderoenviromment. Patterms resuiting from various
interspecies relationships, sucn as mutualism or competition,
would be classed by Xershaw as sociological.

Klemmedson, J. 0., =nd J. 5. Smith. 196k. Chestgrass (Bromus
tectorum L.), Botan. Rev. 30: 226-262.

135




-y

e Y ¢

Knapp, Rudiger. 1965. Die vegetation von Nord und Mittelamerika und

der Hawail Inseln, Gustav Fischer Verlag, Stuttgart.

Korstian, C. F. 1921, ZEffect of a late spring frost upon forest

vegetation in the Wasatch Mountains of Utah, Ecology 2: 47-52.

Kuchler, A. W. 196k. Manusl 6 accompany the mep, Potential natural

vegetation of the conterminous United States, Amer. Geog. Soc.,
Spec. Publ. No. 36. 39 pp. and 110 plates.

In tliis manual there is a precise definition of the objects
to be mapped. "Potentisl ratural vegetation,” as distinguished
from "real vegetation," which includes wheat fields, ete., is
defined as the vegetation that would exist under the present
climate if man were removed from the scene and if the resulting
plant succession were telescoped into a single moment. The
latter point eliminates the possible effects of future cliamtic
fluctuetions. Potential netural vegetation is an important
object of research because it reveals the biological potentisl
of each biotype; its disadvantage is that map users msy be more
interested in what is on the ground at the present time (the
"regl vegetation").

The vegetation types on the mep are all characterized by
life-forms and taxa (e.g., Physiognomy: tall, needleleaf, ever-
green forest. Dominants: grand fir (Abies grandis) end Douglas
fir (Pseudotsuga menziesii)}. The manusl should be considered e
part of the map becuuse it containg a legend for each vegetation
type that could not be included cn the map. Particulsrly im-
portant are the notations on regions of occurrence and the lists
of dominant and other component species for each type. Species
are listed for each vegetation type in alphabetical order rather
than in their order of prominence.

The 110 photogrephic plates are excellent and were chosen
to portrey, wherever possible, mature stands of each vegetation
type. Ten of the illustrated vegetation types occur within the
transect area between Denver and Salt ILeke City. A valusble
bibiiograrhy of 318 entries includes references to vegetetion

studies in every phytogeographic region of the conterminous
United States.

Kuchler, A. ®.. and J. McCormick. 1965. Vegetation maps of North

America, Vol. 1. International bibliogrepiay of vegetation maps,
Univ. of Kansss Publ., tibrary Ser. No. 21, 453 pp.

This volume lists 1T published vegetation meps of conter-
minous United States, 46 of western Forth America, 41 of Coiorado,
and 1T of Utah. Of the 104 maps of western United States,
Colorado snd Utah, approximately 30 contain distributional in-

formation pertinent to the tramsect study ares between Denver
and Sslt Lake City.
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Kuchler, A. W. 196k. Potentisl natural vegetation of the conter-
minous Unitea States, Amer. Geog. Soc. Publ. 36, 38 pp.

Iaird, H. B. 1951. Forecasting precipitation on the west slope of
Colorado, lMonthly Weather Rev, TO: 1.7.

Langepheim, J. H. 1949. Physiography 2nd plent ecology on a sub-
alpine earthflow, Guunison County, Colorado, M.S. Thesis, Univ.
of Minnesots, Minneapolis.

. 1953. The plant communities apd their environment
in the Crested Butie area, Gunnison County, Colorado, Ph.D.
thesis, Univ. of Minnesots, Minueapolis.

. 1955. Flora of the Crested Butte quadrangle,
Colorado, Madrono 13: 64-50.

. 1956. Plant succession on a subalpine earthflow
in Colorado, HBecolozy 37: 301-317.

The author described commmity relations on the Gothic earth-
flow which aceurred in 1923 in Esgt River valley in the Elk Moun-
tains of Colorafo. Of particular interest is the discussion of
the ecologicsl role of aspen in this area. Aspen communities
occur from 8,500 to 11,200 feet, but are best developed at alti-
tudes between 9,5C0 and 10,500 feet., Aspen occure as scattered
groves in the fescue meadows, but generally forme a continuous
belt below the Epglemenn spruce-subalpine fir zone. Rxcept in
arege where it has replasced burned forest, there is little evi-
dence of aspen being replaced by spruce or fir, as is generally
considered the case.

. 1962. Vegetation and environmental patterns in the
Clz;ested Butfe area, Gunnison County, Colorado, Ecol. Fonogr. 32.
249-285.

Environmental patterns of the Crested Butte area are dis-
cussed under the following headings: parent materials, topog-
raphy, frost phenomezaa, climatic conditions, slope exposure and
biotic conditions. Composition and structure and coincidence
with environmental patterns are described for the following com-
munitly types: sagebrush, aspen, spruce-fir, upland herb, alpine,
fescue meadow, Douglas fir, and hydric commmities.

The most valusble part of the report for the Denver-Salt
Lske City tramsect study is the four-page comparison of the
Crezted Butte community types with other areas in the Roeky Youn-
teins and Great Basin. Some pertinent conclusions of Iexngenhein's
study are: 1) As a result cf ecotyplc dlfferentiation and asexusl
reproduction, aspen appears to occupy a wide range oI usbitats,
and some asper replacing dburned spruce-fir forest iz successional,
whereas most of the aspen communiiy type appears relstively stable.
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2) The vegetation patterns of the Crested Butte ares appear more
closely allied with those of southwestern Colorado and mountainous
areas in the Great Basin than to those of other areas in the
Colorade Rockies, particularly on the east slope.

This relationship is supported by the following occurrences
in the Crested Butte area: 1) a sagebrush community type as high
as 9,500 feet similar to the upper sagebrush-grass zone jn the
Great Basin, 2) a fescue grassland known previously from the
Abajo Mountains, Utaa, 3) an altitudinally defined belt of rela-
tively stable type of aspen similar to that reported in western
Colorado and eastern Utah. %) an upland herb zone previously
known from the Wasatch Plateau, 5) Grest Basin species in the
alpine zone.

For each vegetation type, cover values are given for every
species that occurs in 30 percent or more of the stands. The
bibliography contains 156 entries.

Langenheim, R, L. 1952. Penunsylvanisn anpd Permion stratigraphy in
the Crested Butte quadrangle, Colorado, Amer. Assoc. Petrol.
Geol. Bull. 36: 543-5Th4.

1954, Marcon Formation and associated rocks in the
Crystal River valley, Coiorado, Amer. Assoc. Petrol. Geol. Bull.
38: 1748-1779.

Larsen, J. A. 1930. Forest typea of the northern Rocky Mountains
and their climatic control, Ecology 11: 631-672.

Ieycock, W. A. 1958. The initial pattern of revegetation of pocket
gopher mounds, Beology 39: 346-~351.

LeBarron, R. K., and G. M. Jemison. 1953. Ecologzy and silvicuiture
of the Engelwenn spruce-szlpine £ir type, J. Forestry 51: 349-355.

Lee, W, T. 1922. Peneplzins of the Front Range and Rocky Mountain
National Park, Colorado, U. S. Geol. Surv. Bull T30a.

Argues for 3-cycle development of the Front Range, produc-~
ing the Flattop and Rocky Mountain peneplaing ard presently
eroding (canyon) surfaces. Recognized role of snow drift by
westerly winds in forming cirques; flattop peneplains are the
source ares.

Leonard, H. A. 1916. Aspen zroves of Boulder Park at Tolland,
Colorado, M.A. Thesis, Univ. of Colorado, Boulder.

Little, H. P. 1925. Erosional cyecles of the Frort Range and their
correlaticn. Bull. Geol. Soc. Amer. 36: 495-512.
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. tion in the United States as related %o climatic condltions,
Carnegie Tnst., Washington, D.C., publ. 28%,

Livingston, R. K. 1949. Aan scological study of the Slack Forest,
Colorado, Ecol. ¥onogr. 19: 123-14%

Longwell, C. R. 19%6. How old is the Colorado River? Amer. J. Sed.
2kh: 817-835.

Livingeton, B. E., apd F. Shreve. 1921. Thue distributions of vegeta-

Love, L. D., and B. C. Goodell. 1960. ¥Wetershed research on the
Fraser Experiment Forest, J. Forestry 58: 272-275,

Loveless, C. M. 1963. Eeological charactaristica of & selected mle
deer winter ran e, Fh.D, Dissertation, Colorado State Univ.,
Fort Collins, Colorado.

Lovering, 7. S., and E. N. Goddard. 1950. Ceology aid ore depositsy

of the Front Range, Colorsdo, U. S. Geof. Surv. Prof. Taper
223, 219 pp.

Lovering, T. S. » and O. Tweto, 1953, Geology and ore deposits of the
Boulder County steq District, Colorado, Geol. Sury, Prof.
Paper 245 B l§% D.

Lull, H. W., and L. Ell{30on. 1950. Precipitation in relstion S0
i altitude in central Utah, Feology 31: T9-43k ,
The Pour stations =% which observations were made were in
the following vegetal zones: velley sagebrush, mountain brush,
aspen-fir, and subglipine, Precipitation for the pericd 1934-48
: wes slightly above average in central Utah. Precipitation in-
creases at 5.17" per 1,000 feet.

Annug], Stand. Coe?,
Eievation {Precipj (E'rror \ o
Station feet ) {inches inches Variation
"Epbraim” valley site "(5, 3 10.88 0.76 27.0%
*Oaks” M. Bruser 7,655 20.10 1.08 20.8%
"HQ" aspen-fir 8,850 29.53 1.48 19.4%
"Meadows" subslpine 9,860 32.231 1.h2 17.0%

Seasonal Gistribution: February, March, and Aprii are ge-
cidedly above average; May and June a little below; July, August »
and September much less; Cetober, November, December ang January
are average. Two marked seasons: late winter meximum and late
summer minimum. Discusses sources of precipitation after Dorrah
1946. The zone oF meximum precipitation 18 non~existent and he
questions Price and Evans (1937) on this point,
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Luti, R. 1953. Ecological festires of the vegetution of & ridge in
the montane forest of Bouldexr County, Colorado, M.A. Thesis,
Univ. of Colorado, Boulder.

MeClain, E. P. 1952, Synoptic investigation of a typical chinook
situation in Montana, Bull. Amer. Meteor. Soc. 33: O7T-94.

Foehn need not imply windward precipitation; it may be simple
descending eir. Subsidence aloft and removal of leeward cold alr
precedes windward precipitetion {A. von Flicker). Froblem of
cold air removal..No clear explenation; description of circum~
stances. Mid-troposphere air is ascending gbove the descending
foehn. Frictionsl and irertial causes seem implied, though not
stated. Bibliography.

. 1958. Some effects of the Western Cordillera of

B North Americs on cyclonic activity in the Upited States and
southern Canade, Fiorida State Univ. Dept. of Metecrology Tech-
2 nical Report Wo. 12.

Author investigated behaviour of cyclonic storm systems
over and in the vicinity of the Western Cordillera of Forth
Arerica. Two general hypotheses evolved: 1) Lee cyclogenesis--
a low-level leeside trough is established and positive vorticity
tendencies are generated in this region by ths peture of the
orographic vertical velocities; 2) windward reterdation end
eyciodysis~-miture cyclones approaching the wirdward slopss de-
celerate, recurve northward and wesken due to the combined
action of low-level orographic verticsl velocitisz, friction,
and the relatively unimpeded progression of the high-level
portion of the system.

The predominant resson for tihe bhigh frequency of enti-
cyclogenesis and of anticyclones in the general Great Basin
is probably the trapping end stegnstion of maritime polar air
in the pumerous valleys and sub-basing of this area. However,
when a cold front or cold front occlusion passes eastward
acrcss the northwest United States, the closed cell of high
pressure behind the front seldom follows the front inlarnd.
Jnstead, it is generally observed that a separate lobe breaks
cIt andfor develops in the basin area,

MzcDonald, N., and H. Harrison. 1960. Some observations of the moun-
tain wave in eastern Colorado, Bull. Amer. Mateorol. Soc. %1:

627-632.
An analysis of the occurrence of mountsin wave clouds over
. the east slopes of the Colorado Front Range to determine the

synoptic conditions which are most suitable. West-northwest

} winds 2loft are most conducive to the development of lee vwaves

‘ and crest clouds, ete., in the area west of Boulder, probably
because the Continental Divide is orieated slightly east of north
. and west of south in this area, thus presents e right angle froni
to vest-northwest winds, but not to west winds.

-y
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MeHenry, D. B, 1929. The vegetation of Gregory Canyon, Colorado,
M.A, Thesls, Univ. of Colo., Boulder.

MeIntosh, A. C. 1923. Vegetation at different elevations ir Boulder
Canyon, M.A. Thesis, Univ. of Colo., Boulder.

McKnight, E. T. 194%0. Geoclogy of area between Green and Colorado
Rivers, Crand and San Juap Counties, Uigh, U. 5. Geol. Surv.
Pull. 908, p. 1Bb7. " o

MacQuoun, W. C., Jr. 1945. Structure of the White River Plateau near
Glenwood Springs, Colorado, Geol. Soc. Amer. Bull. 56: B77-292.

McKell, C. M. 1950. A study of plant succession in the oak brush
{Quercus ganbelii) zone after fire, M.S. Thesis, Univ. of Utah,
Salt Lake City.

Mackin, J. H. 1937. Erosional History of the Big Horn Basian, Wyoming,
Bu.ll: G&Ols SOG. AmEro 118: 838“8590

. 1938. (Review of W. B. Bradley 1936), J. Geomorph.

1: 70-72.

. 194T. Altitude and locel relief of the Big Horn
area during the Cenozoic, Wyo. Geol. Assoc. ¥ield Conference in
the Big Horn Basin, Guidebook: 103-120.

Medole, R. F. 1960. Glacial geology of upper St. Vrain valley,
Bouidar County, Colorado, M.S. Thesis, Ohio State Univ., 109 pp.

Magistad, O. C. 1945. Plant growth relations on saline and alkali
goils, Boter. Rev. 11: 181-230.

Malde, H. E. 1955. Surficlel geology of the Iouisville quadrangle,
U. 8. Geol. Surv. 3ull. G96-8: 217-257.

Marr, J. W. 1958. Lee slope stands in the upper part of the forest-
tundra ecotone on Niwot Ridge, Boulder County, Colorado, J.
Colorado-Wyoming Acad. Sei. 4: BLi.

. 1959. Forme of tree islands in alpine tundra, J.
Colorado-Wyoming Acad. Sci. 4: 3.

. 1961. Ecosystems of the east slope of the Front

Range in Colorsdo, Univ. of Colc. Stud., Ser. in Biol. No. 8, 134 pp.
This report provides for the east slope of the Colorado Front

Range more couwprehensive scological information than has been pub-

lisned for any other portion of the transect study ares. It de-

scribes 30 widespreed stand-typz from four climax regions: the
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Jower montane (6,500 to T,70C feet); the upper montane {8,000 %o
9,000 faet); the subalpine {9,300 to 11,000 feet); and the alpine
{11, hOO feet to mountain topss

iedluded are 10 excelient photographs, & 6-page discussion
of regwonul features of the Front Range, 16 pages of swwisrized
envircnmental data (October 1952 - October 1953) for four ata-
tions from each of four climax regions and a list of all plauts

(358 species, excludingz lichems and bryophytes) encountered in
the study.

. 196h. The vegetation of the Boulder ares, In:
Fztural history of the Boulder area, Univ. of Colo. Muaseum Leaf
let 13: 3h-k2,

. 1965. Forest ecology of the Fromt Renge, In
Internationsl Asscc, for Quaternary Research Guidebook for one-
day conferences, Boulder area, Colorado: 16-2C.

. 1967-68. Date on mountain environments, Front Range,

Colorado,

I. Sixteen sibes 1052-1053.
II. PFour ciiwax vegions 1953-1958
IIT. Four climax regions 1959-1964.

Contributions 51 to 53, Tast. of Arct. and Alp. Research,
Univ. of Colo., Boulder.

Marsell, R. E. 1931. Salienft geclogicasl fegtures of the Traverage
Yountaing, Utah, Proc. Utah Acad. Seci. 8: 106-1i0.

. 196k. Geomorphology of the Uinta Basin--g brief
sketch, Intern. Assge. Petrol. Ceol. 13th Annual Field Conf.
Guidebook: 29-37. Divides the Uinto Bagin into six subdivisions
based on geological and/or physiographic features.

1. DNortheastemDistrict
2. Central Badlands District
3. Tavaputs Plateau
L. Upper Duchesne River Plateaun
5. Green River Valiey
6. Douglas Creek srea.
Marston, R. B. 19%2. Cround cover requiremepts for sumoer storm
F runoif control on aspen sites in northern Utsh, J. Forestry 50:
303-30T7.

‘ Martinelli, M., Jr. 2955. Accumilation of snow in alpine areas of
central Colorado, and means of influencing it, J. Glac. 5
625-630.
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. 1965. An estimate of summer runof? from {Colorado)
alpine snow fields, J. Soil and Water Comserv. 20: 24-26.

Merkle, 5. 1952. An anelvsis cf a pinyon-juniper commnity at Grand
Cenyon, Arizopa, Ecology 33: 319-30k.

. 195k, An analysis of the spruce-fir commnity on
the Kaibab Plateau, Arizonz, ECOLOZy 35: 316-322.

Merriam, C. H. 1898. Life zones and crop zones of the United States,
g. &, Dept. Agric., Div. Biel. Surv. Bull. 10, 79 pp-

Miller, P. 1964. Factors influencing the vegetation patterns on the
White River Plategu in norvhwestern Colorado, Ph.D. Thesis, Univ.
of Colo., Boulder, 212 pp.

Miller, R. L., and G. A. Choate. 1964. The forest resource of Cclo-
rade, U. 8. Forest Service Resource Bull. IKT-3, 5% pp.

The timber inventory data in this report are from the first
comprehensive survey of Colorade’s forest resources, completed in
1959. About 1/3 of Colorado is Forest land (22.5 millicn acres),
and spruce~fir is the most widespread forest type, occupying 28%
of the commercial forest area.

The report includes: a map of commercial and nconcommercisl
forests in relation to Colorado landforms, adapted from a may by
Erwin Raisz; a dlggram of the principal forest types of Colorado
az related to altitude; for both eastern and western slopes, sgix-~
teen panoramic and close-up photographs of various landscapes and
forepst types; individusl distribution maps of Engelmann spruce-
svbalpine fir forests, forasts on table lands, lodgepole pine
forests, ponderosa pine forests, Douglas fir forests. A larger
fold-out map includes the sbove forest types plus pinyon-juniper,
chaparral, and nonforested areas.

The text of this report dealz mainly with inventory data,
owneirship information, and mansgement suggestione for each forest
type, rather than with ecological descriptions. For the entire
state of Colorado, the reletive coverage by various comnereisi

forest types is as £ollows, in millions of acres: spruce-fir ( 3. k)

ponderosa pine (2.3); lodgepole pine (2.1); Douglas fir (1.5);
aspen (2.8); limber and bristlecone pine (0.1); cottonwood (G.1).

Moinat, A. D. 1956. Ccmparative yields of herbage from oak scrub and

interspersed grassland in Colorado, Ecology 37: 852-85k.

Moore, B. 1924k. Physiological reguirements of Rocky Mountain trees,
Eecology 5: 298-302.

loore, R. €. 1926. Orizin of enclosed meanders on streems of the
Colorado Plateau, J. Geol. 34%: 29-5T.
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Morris, M. S. 1937. Native vegetation of Colorado, J. Colorado-
Wycming Acad Sci. 2@ 37.

Morrison, R. B, 1961. New evidence on the history of Lake Bonneville
from an area south of Salt Lake City, Utsh, U. S. Geol. Surv.
Prof. Paper 424-D: 125-127,

. 1965. Lake Bowneville: Quaternary stratigraphy of
eastern Jordan Valley south of Salt Lake City, Utsh, U. S. Geol.
Surv. Prof. Paper 4a7: 1-80.
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Presents evidence for numeroue fluctuations of Lake Bopneville.

Murdock, J. R. 195C. Alpine plant succession near Mount Emmons,
Uinta Mountains, Utah, M.A. Thesis, Brigham Young Univ., Provo,
Utakh.

Nelson, R. A. 1941. Comparison of the floras of Mount McKinley and

Rocky Mountain National Parks, J. Colorado-Wyoming Aced, Sei. 3: 33.

. 1953. Plants of Rocky Mountain National Park, U. S.
Dept. Interior, Natl. Park Service, 2C1 pp.

Nixon, E. S. 1961. An ecological study of an exclosure in the moun-
tain brush vegetation of the Wasatch Mountains, Utah, M.S. Thesis,
Brigham Young Univ., Provo, Uteh.

Nixon, E. S., and E. M. Christensen. 1959. An ecological study of
exclosure in the mountainm brush vegetetilon in the Wasatch Moun-
tains, Utah, Proc. -‘tah Acad. Sci., Arts and Letters 36: 182-183.

Costing, H. d. 1951. A c.wparison of virgin spruce-~-fir forest in
northern and southern .\ppalachian system, Ecology 32: 84-103.

Oosting, H. J., and W. D. Billings. 19%3. The red fir forest of the
Sierra Nevada, Ecol. Monogr. 13: 259-27h.

QCosting, H. J., and J. F. Reed. 1952. Virgin spruce~fir of the
Medicine Eow Mountains., Wyoming, Ecol. Mongr. 22: 69-91.
Although this arvtiecle is primarily a phytosociological de-
seription of virgin Engelmann spruce - subalpine fir forest in
the Medicine Bow Mountains of southeastern Wyoming, it includes
a good summary of about 4O references io subalpine forests
throughout the Rocky Mountain system. The investigation indi-
cated a greater number of seedlings of fir than of spruce and,
although survival of spruce is greater in all size classes up
to the cenopy, fir continues to be most abundent because of the
initial large numbers of seedlings. Fir haz the shortest iife-
span (300 years). Spruce commonly continues growth to 500 years
of age, and conseaquently the largest trees in virgin subzlrine
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forest are usually spruce. Spruce trees with a diameter of 40
inches at breast height are common in the Medicine Fow Mouutains.

The spruce-fir forest is a floristically uniform and
ecologically simple associstion. No sigaificant phytosocio-
logical differences were found to be correlated with site, ex-
posure or altitude. A similar unity and simplicity of subalpine
conifer forests has heen demonstrated for the Sierra Nevada and
Appalachian mountaln systems. Thus, the informatlon glvea in
the paper by Oosting and Reed applies without great modification
to the spruce-fir forests within the transect area in Colorado
and Utsh.

Osburn, W. S. 1958. Ecology of winter smow-free areas of the alpine
tundrs of Niwot Rid.e, Boulder County, Colorado, Ph.D. Thesis,
Univ. of Color., Boulder.

1963. The dynamics of fallout distribution in a
Colorado alivine tundra snow accumulation ecosystem, In: Radio-
ecology, edited by V. Schultz ancd A. Klement, Jr., Reinhold Publ.
Colo., 51-T1.

Ott, E. W. 1949. North Park: a study in regional geography, M.A.
Thesis, Univ. of Colcu., Boulder.

Outcalt, S. I. 196k. Two Ural-type glaciers in Rocky Mountsin
Netional Park, Colorado, Unpubl. M.S. Thesis, Univ. of Colo.,
81 pp.

. 1965. Regimen of the Andrews Glacier in Rocky
Mountain National Park, Coleorado, 1957-1963, Water Resources
Research 1: 277-282.

Outcalt, S. I., and J. B. Benedict. 1965. Photo-interpretation of
two types of rock glaciers in the Cclorado Front Range, J.

Outcalt, S. I., and D. D, MacPhail. 1965. A survey of Neoglaciation
in the Front Range of Colorado, Univ. of Colo. Studies, Ser.
Ho. 4 in Esrth Sciences, 12k pp.

An exceilent summary of Neoglacial happenings and of the
characteristics of several "drift" or "Ursl type" gisciers in the
Front Range west of Boulder. Although the main concern of the
authors is the regime of these glaciers, they also give an
analysis of the geographic environment of the area, supplemented
by & large array of exeellent aerial photogrephs. The conclusion
reached is that present-day "drift" glaciers in the area are at
equilibrium with thelr environment, not shrinking or sdvancing
perceptibly.
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Pammell, L. H. 1903. Some ecologicel notes on the vegetaticn of the
Uinte Mountains, Proc. Iowa Acal. Sci. 10: 57-68.

. 1913. The grasses of the Uinta Mountaiunz and adjacent
regions, Proc. Towa Acad. Sci. 20: 133-149,

Paul, J. H., ard F. S. Baker. 1923. The floods of 1923 I 1 northern Utah,
Utah Univ. Bull. 15(3).

Paulson, H. A., Jr. 1960. Plant cover and forage use of a.pine sheep
ranges in the central Rocky Mountains, fows State J. Sei. 3%:
T31~TH8.

Peale, A. C. 1877. Geological report on the Grand River district,
U. S. Geol. and Geog. Surv. Terr. (T.V.Hsyden), 9th Annusl Report
1875, pp. 31-101.

Pearson, G. A. 1914, A meteorological study of verks and timbered
areas ir the westerr vellow pine forests of Arizons and New Mexico,
Monthly Weather Rev. 41: 1615-1629.

191%. The role of aspen in the reforestation of moun~
tain burns in Arizona and New Mexico, Plant Worid 1T7: 24Q-260.

. 1920. Fectors controlling the distribution of forest
types, Ecclogy 1: 139-159; 289-308.

. 1931. Forest types in the southwest as determined
by climste and soil, U. S. Dept. Agric. Tech. Buli. 24T, 143 pp.

10k2. Herbacecus vegetation as & factor inm natural
regeneration of pon@ierosa pine in the southwest, Ecol. Monogr. 12:
315-338.

. 1951i. A comparison of the climates in four pondercsa

pine regions, J. Forestyy 49: 256-258.

Peck, Bugene L., and D. J. Pfankuch. 1963. Evaporation rstes in moun-
tainous terrain, Publ. No. 62 of the I.A.S.H. Conmittee for
Ergporation, pp. 267-278.

Pesman, M. W. 1962. Color distribution in flowers of Colorado life
zones, J. Colorado-Wyoming Acad. Sci. 3: 45,

Peterson, R. S. 1962. Wyoming pinyon revisited, Madromo 16: 269-670.

Phillips, F. J. 1909. A stvdy of pinyon pine, Botar. Zaz., 48: 216-223.
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Pickford, G. D. 1932. The influence of continued heavy erazing and of

promiscucus burning on spring-fall ranges in Utah, Ecology 13:
159-1T71.

Porter, C. L. 1962. Vegetation zones of Wyoming, Univ. Wyoming Publ.
27: 6-12.

Powell, J. W. 1876. Geology of the eastern portion of the Uinta Moun~
tains, U. S. Geol. and Geog. Surv. Terr.

Prather, T. L. 1961. Geology of the north Italian Mountain area,
Gurenison County, Colorado, Unpubl. M,S. Thesis, Uuiv. of Colo.

. 196%. Stratigraphy and structiral geology of the Elk
Mountains, Colorado, Unpubl. Ph.D. dissertation, Univ. of Ceclo.
Prather outlined the structure and stratigraphy of the Elk
Range and related its structursl features to the regional struc-
tural pattern of western Colorasdo. He notees that sedimentary
rocks make up most of the rapge and that the ares is dominated
by two major zones of folding end faulting, one of which connects
the Elks with the Uinta Range to the northwest,

Preston, R. J. 194T7. Rocky Mountain trees, Iowa State College Press,
Ameg.

Price, R. 1938. Artificial reseeding on oak brush range in central
Utah, U. S. Dept. Agric. Cir. 458, 18 pp.

Price, R., and R. B, Evans. 1937. Climate of the west front of the
Yasatch Plateau in central Utah, Monthly Weather Rev. 65: 291-301.

Ramaley, ¥. 1907. Plant zones in the Rocky Mourtains of Colorado,
Seience 26: 642-643,

. 1909. Forest formations and forest treses of Colorsdo,
Colo. Univ. Studies, 6: 2L9-2871.

Ramaley, F. 1910. Remarks on some northern Jclorado plsant communities

with special reference to Boulder Park (Tolland, Colorado), Univ.
of Coloradc Studies, T: 223-336.

- 1915. Relative %rtance of different species in a
mountsin arasesland, Botan. Gaz. €0: 154-157.

1916. Quadrat studies in a& mountain grassland,

Botan. Gaz. (62: 70-Tk,

1916. Dry grassiends of a high mountain park in

northern Colorado, Plant Vorld 19: 249.-281.
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. 1919. ZXerophytic grasslands at different altitudes in
Colorado, Buil. Torrey Botan. Club 46: 37-52.

1919. The role of sedges in some Colorado plant
comrunities, Amer. J. Botan. 6: 120-130.

. 1920. Subalpine lake-shore vegetation in north-
central Colorado, Amer. J. Botan. T:57-Th.

. 1927. Colorado plant 1ife. Univ. of Colorado, Semi-
centennisl Ser. 1877-1929, Vol. II, 299 ppo.

. 1931. Vegetation of cheparral-covered foothills
southwest of Denver, Colorado, Univ. 0f Colorado Studies 18: 231-237.

Ramaley, F., G. S. Dodds, and W. V. Robbins. 1908. Studies in mesa
and foothill vegetation, Univ. of Colorado Studies 6: 11-51.

Ramaley, F. and W. W. Robbins. 1908. BEcological notes from north-
central Colorado, Univ. of Colorado Studies 5: 111-117.

Ramaley, F., and L. Mitchell. 1909-1911. Ecological cross-section
of Boulder Perk, Univ. of Colorado Studies 7-8: 277-287T.

Ramaley, F., and L. Kelso. 1931. Autumn vegetation of the foothills
near Boulder, Colorado, Univ. of Colorado Studies 18: 239-255.

Raven, K. A. 1948. Eecology of & timberline area in the Colorado Front
Range, M.S. Thesis, Univ. of Colorado, Boulder.

Rey, L. L. 19%0. Glacial chronology of the southern Rocky Mountains,
Geol. Soc. Amer. Bull. 51: 18651-191C.

Outlines five Wisconsin substages and attempts correlation
throughout southern Rockies on the basls of weathering, topo-
grephic position, relative size, etc., of moraines. Notes that
Estes Park was not glaciated, as ice did not reach below 7,500
to 8,000 feet in the Rocky Mountain Netional Park area.

Ream, R. R. 1960. An ordination of the cek ccmmnities of the Wasatch
Mountains, M.S. Thesis, Univ., of Utah, Salt Iake City.

1963. The vegetation of the Wasatch Mountains, Utah
and Idaho, Ph.D. Thesis, Dept. of Botan., Univ. of Wisconsin, 178 pp.
The major part of this thesis 1s 2 description of 25 plant
communities in the 250-mile length of the Wasatch Range. Communi-
ties are organized in an ordination along gradients of temperature
&nd soil moisture. Tabular data for each commmnity inciude inform-
tion on species density, indices cof homogenelty and community dis-

tinctness,; average and extreme elevetions of occurrence, average
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slope, soil acidity., hygroscopic soil moisture, vange desirability
indices, and indices of similarity to the ¥wo most closely related
communities.

Among the deteiled ecological and ordinational descriptions,
the following interesting phytogeographical points were made:

1) Although there are a few scattered trees of ponderoes
pine, this specieg contributes little to the forest compositicn
of these mountains. This is very unusual, since ponderosa pize
forests oceur in the Ulnta Mountains to the east, in Idaho to the
north, and in various mountain ranges scuth and west of the
Wasatch Range in Utah.

2) Vhite fir and Gambel osk ere restricted to the southern
half of the range. White fir reaches its northern 1imit around
Ogden Canyon and Gambel oak in the vicinity of Mount Willard near
Brigham City, Utah.

3) Lodgepole pine is restricted to the portion of the range
from Cache County, Utah, northward.

%) Aspen forests have the largest areal extent of any com~
munity in the Wasatch and there is 1ittle doubt that aspen
occupies some sites on a gelf-perpetuating bvesis.

5) A unigque feature of the vegetation on north exposures or
ravine bottoms (between 1,600 and 7,000 Peet) is the mixture of
maple {Acer grandidentatum) and Gambel oak. These stands have
the appearance of a ministure deciduous forest of easterm North
America and the maple and ozk seem to play ecclogical roles here
similar to those held in eastern forests by these genera.

6) There is no juniper-pinyon zone in the Wasatch Moun-
tains. Pinyon pine 1s present only in the Mount Nebo zrez.
Juniper is more widespread but originslly occupied only d.s
rocky ridges between 5,200 and T,400 feet. Present junipexr
stands in the VWasatch occur on areas that have been continuously
overgrazed. The junipers are usuzally faeirly uniform in age in
any one gtand with many stands in the 40- to 60-year repge.
Lnother indicator of overgrazing, cheatgrass (Bromus tectorum),
hag a high frequency (65%) in the juniper commmnities.

Reed, E. L. 1917. MHeadow vegetation in the montane region of northern
Colorado, Bull. Torrey Botan. Ciub 4h4: 97-109.

Retzer, J. L. 1948. Soil development in the Rocky Mountains, Soil
Sci. Soc., Amer. Proc. 13: 446,

1950. Genesia and morphology of solils of alpipe areas
ir the Rocky Mountains, Ph.D. Thesis, Univ. of Wisconsin, Medison.

. 195k, Glascial sdvances and soil development, Grand
Mesa, Colorado, Amer. J. Sci. 252: 26~37T.
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1956. Alpine soils of the Rocky Mountains, J. Soil
Sei. f: 22-32,

Alpine turf, sipine meadow and alpine bog soils are described
as ciasses equivalent to great scil groups. They form & series
with good to poor drainage, increasing fines and humus. Alpine
turf approaches felsenmeer surface soils in alpine zones. All are
associated with soil ice, the amount increasing through the
series. No account is taken of “skeletal" soils relative to
cther alpine landscspe units.

. 1962. Soil survey of Fraser alpine area, Colorado,
U. S. Dept. of Agric. and Colorado Agric. Exper. Station, Ser.
1956, No. 20, 47 pp and 17 plates.

This alpine soil survey, one of two that have been published
for Colorado, includes all of the Fraser Experimentel Forest and
1ost of the areas above timberline in the triangle formed by the
towns of Fraser, Georgetown and Dillon. The 13h-square-mlile avea
ig 811 mountainous and lies approximately 50 miles west of Denver.

Eleven pages are devoted to a description of geology, land-
forms, drainage, climate. vegetetion, wildlife, and land use.
Twenty-three different mapping units, including both soil series
and certain parent materials, are described from the point of
view of genesis and morphology. The final written section of the
report considers soil utilization and management and provides a
suitability clessification of soils based on range, forest, and
water uses.

“he scll map and accompanying report are sources of informa-
tion on acreages of trees and grassiand in each watershed, and
also the acreages of rock out-crop, rocksliides and eroded soils.
The survey &lso provides acreages, slope, and locat:ion of these
land types in the alp’ne zone where snow accummlates and those
1 lend types where erosion by wind, waler or gravity is prevalent.
Twenty-six photographs provide views of wvarious alpine Zand-
. scapes and alpine soil profiles. One of the most valuable parts
of this report for users in the field is the serizs of 1k aerisl
photograph mosaics at a scale of 1:31,680, on which the alpine
soil types are mapved together with cexrtain topographic and
culiural features.

Retzer, John. 1948. Soils developed from basalt in western Colorado,
Scils Sei. 66: 365-375.

Retzer, J. L. 1965. Present soil-forming factors apd processes in
arctic and alpine regions, Soil Sci. 99: 38-k4,

Reveal, J. L. 194k. Single-leaf and Utah juniper woodlands of
western Nevada, J. Forestry 42: 276-278.
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Rich, J. L. 1938. Recoguition and significance of multiple erosion

surfaces, Geol. Soc. Amer. Bull. 49: 1695-1T722.

Richards, Arthur. 1941. Geology of the Kremmling area, Uolorado,

Ph.D. Thesis, Dept. Geol., Univ. Michigan.

Richmond, G. M. 19kl. Multiple giaciation of the Wind River Mountains,

G.S.A. Bull. 52: Part 3, pp. 1929.

. 1649. Stone nets, stone stxipes and soil stripes in
the Wind River Mountains, Wvoming, J. Geol. 57: 143-153.

1953, Pleistocene fleld conference in Rocky Mountein

National Park, Colorado, Science 11T: 177-179.

. 1957. Three pre-Wisconsin glecigl stages in the

T hocky Mountain region, Geol. Soc. Amer, Bull. B8: 239-262.

1965. Glaciation of the Rocky Mounteins, In: The

Quaternary of the Rocky Mountains, pp. 217~230.

A sumary of Rocky Mountain glseial history es 1t is known
to the present time. Correlation of names given to glaciations
by various authors and of glaciations ir cerfain arsas where
they had not been noted before.

. 1962. Quaternery stratigraphy of the Ia Sal Moun~

tains, Utah, U. S. Geol. Surv. Prof. Paper 324: 1-135.
Description of the Quaternary deposits and zoils of the
ares and an analysis of their stratigraphic relations. Also,
a summary of the vegetstion distribution of this smell but
interesting mountain range. Nine glsciztions were recognized
correlating with similar pulsations of the pre-Bull ILake, Bull
lake, Pinedale, and Neoglacistion in the ¥Wasatch Mounteins.

Glaciers were small, being only 9 miles long at their greatest
extent.

. 1860. Glesciaticn of the east slope of Rocky Moun-

tain National Park, Colorado, Geol. Scec. Amer, Bull. 71: 1372-1382.

. 1964, Giaciation of Little Coticnwood and Bells

Canyonsg, Wasatch Mourntains, Utah, U. S. Geol. Surv. Prof. Paper
4sk-D: 1-41.

Noted that rock glaciers of Heoglseiastion occur in nearly
a2ll the major cirques of the area, but considered few active
today. Glaclation of these canyvons has long been of iaterest
because moraines at their mouths are in contact with Iske Bongpe-
ville deposits.

Deposits of two younger late Pleistocene glaciations cccur
on the floors of the canyons. The older of these deposite
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compromises two sets of large meture moraines correlated with the
Bull Take glacisztion of Wyoming. The moraines represent two dis-
tinct wdvances of the ice that reached average eltitudes of

4,980 ani 5,000 feet at the mouths of the canyons and were separe-~
ted by a withdrawal of the ice to the upper parts of the canyons
and possidbly to the cirgues.

Deposits of the younger late Pleistocene glaciation, corre-
lated with the Pinedale glaciation of Wyoming, comprise three
sets of moraines. These are located in the middle and upper paris
of the canyon at average altitudes of 6,570 and 7,220 and 9,190
feet. They mark one maximum and twoe miror readvances of the ice,
separeted by relatively short recessions.

During the succeeding interglacial interval, the sltithermal
interval of Antevs, the glaciers disappeared entirely and a sub-~
mature scil formed. Later, in Recent time, two sets of small
moraines or rock glaciers formed in the cirgques. These are corre-
lated with the Temple Lake and historic stades of Neogieciation
! (Little Ice Age) in the Wind River Mountains of Wyoming. The
lower t1ill of the Bull Lake glaciation intertongues with and is
overlain by the deposits of the first rise of leke Bomnmeville,
which attained an altitude of about 5,100 feet. The upper till
intertongues with and is overlain by deposits of the second rise
! of the lake, which formed the Bonneville shoreline {elevation
5,135 feet). The maximum of both rises seem to have shortly fol-
Towed the glacial maxima,

Deposits formed during the fall of the lake, during its atill-
stand at the Provo shoreline (4,800 feet) and during its subse-
quent desiccation are correlated with those of the recession and
disappearance of the Bull Lake glaciers.

The lower, middie and upper tills of the Pinedale glacia-
ticn are inferred to correlate with the deposits of three fluc-
tuations of a post-Provo rise of the lake. These attained upper
{ limits of 4,770, 4,470, and 4,410 feet. Deglaciations accompanied
the final fall and desiccation of the lake.

Deposits of the Temple Lake and historic stades of Neoglacia-
tion in the cirques are inferred to correlate with the depcsits
at the Gilbert Beach (4,240 to 4,245 feet) and the upper few feet
of bottom sediments of Great Salt Lake.

196i. Three pre-Bull lLake tills in the Wind River
Mountains, Wyoming. U. S. Geol. Surv. Prof. Paper S01-D.

1965. Glecjation of the Rocky Mountains, In: The
3 Quaternary of the U. S., pp 217-330, Princeton Univ. Press,
Princeton, N.J.

Ritzma, H. R. 1959. Geologic atlas of Utah, Daggett County, Utah
Geol. and Mining Surv. Bull., 66: 1-1il.
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Robbins, W. W. 1908. Distribution of dsciduous trees and shrubs on
the mesag, Univ. of Colorado Stud. 6: 36-49.

« 1910a. Remarks on the climatoloyy of rorthwestern
Coclorado, Colo. Univ. Stud. T: 112-115.

., 1910b. Climetology and vegetation in Colorado,
Botan. Cez. 49: 256-280.

. 1910c. Remarks on the climatology of northwesiern
Colorado, Univ. of Colorado Stud. T7: 1i2-115.

. 19104. A botanical trip to northwestern Colorsdo,
Univ. of Colorado Stud. T: 115-125.

. 1917. Native vegetation and climete of Colorado in
their relation to asgriculture, Colo. Agric. Exp. Sta. Bull.
224 1a56.

. 1918. Successicns of vegetation in Boulder Park,
Colorado, Botan. Gaz. 65: L93-525.

Robbins, W. W., and G. S. Dodds. 1908. Distribution of coaifers on
+the mesas, Univ. of Colorado Stud. 6: 31-36.

Robertson, J. H. 1S47. Responses of renge grasses to different in-
tensities of competition with segebrush (Artemisis tridentata
Nutt.), Ecology 28: 1-16.

Rodeck, H. G. 1964. Hatural history of the Boulder ares, Univ. of
Colorado Museum Legflet 13, 100 pp.

Roeser, J. 1940. The water requirements of Rocky Mountain conifers,
J. Forestry 38: 2L-26.

Ronco, F. 1961. Bibliography of Engelmann spruce and subalpine fir,
U. S. Dept. Agric., Rocky Mtn. Forest and Range Exp. Sta.,
Station peper 57, 58 pp.

Russell R. J. 1933. Alpine landforms of western United States, Ceol.
Soc. Amer. Bull. kk: 927-950.

Russler, B. H., and W. C. Spreen. 1S47. Topogxrepkically asdjusted
normsl isohyetal maps for western Colorado, U. S. Dept. Commerce,
Weather Bur. Div. cf Climatol. and Hydrol. Serv., Tech. Paper Fo. k.

Rydberg, P. A. 191k, Phytogecgraphical notes on the Rocky Mountain
region. I, Alpine Region, Bull. Torrey Botan. Club 40: 677-686.
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161%. Puaytogeosraphical notes on the Rocky Mountain
region. XI. Origin of the alpine flora, Bull. Torrey Botan.
Club 41: 89-103.

. 1914, Pavtogeographical notes on the Rocky Mountain
region. JII. Formations of the alpine zone, Bull, Torrey Botan.
Ciub 41: 459-4T4.

. 1915. Phytogeographical notes on the Rocky Mountain
region. IV. Forest of the subalpine and montane zones, Bull.
Torrey Botan. Club 42: 1i-25.

. 1915. Phytogeogravhical notes on the Rocky Mountain
region., V. Grasslands of the subalpine and montane zones, Bull.
Torrey Botan. Club 42: 629-642.

1916. Fhytogeographical notes on the Rocky Mountain
region. VI. Distribution of the subalpine plante, Bull. Torrey
Botan. Club 4#3: 343-36L,

. 1916. Vegetative life zones of the Rocky Mountsins,
New York Botan. CGarden Memoirs 6: 477-499.

1G617. Phytogeographical notes on the Rocky Mountain
vegion. VII. Formations in the subalpine zone, Bull. Torrey
Botan. Club Bh: 431.45h,

1919. Phytogeographical notes ou the Rocky Mountain
region. ViIIT. Distribution of the montane plants, Bull. Torrey
Botan. Cluh L6:; 295-327.

1920. Phytogeographical notes on the Rocky Mountain
region. IX. Vooded formations of the montane zone of the southern
Rockies, Bull. Torrey Botan. Club 47: 441-h5k,

. 1922. Phytogeographical notegs on the Rocky Mountain
region. X. Grasslande and other open formations of the montane
zopne of the southern Rockies, Bull. Torrey Botan. Club 4#38: 315-326.

Salisbury, F. B. 1964k, Soil formation end vegetstion on hydrothermally
altered rock meterisl in Utah, Ecology 45: 1-9

Schlessinger, F. R. 19M1. Comperison of certain physical ecological
factors in a series ranging from grasslend to the alpine tundra
climax, J. Colorado-Wyoming Acad. Sci. 3: 39.

§ Schneider, E. C. 1909. The distribution of woody plants in the Pike's
Peak region, Colorado College Publ., General Ser. 39, Sei. Ser.
& 12: 137-170.
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. 1911. The succession of plant life on the gravel
slides in the vicinity of Pike's Peak, Colorade College Publ.,
Gen. Ser. S5h. Sei. Ser. 12: 289-328.

Sehumm, S. A., and G. C, Lusby. 1962. Seasonal variation of infil-
tration capacity and runoff on hilislopes in westerzn Colorado,
J. Geophys. Res. 68: 3655-30th.

Scorer, K. S. 1961. Lee waves .n the stmosphere, Sci. Amer. 12h:
124-134,

Scott, D., anc W. D. Billings. 1964. Effects of environmental factors
on standing crop and produetivity of an alpine tundra, Ecol. Monogr.
3h: 243-270.

Scott. G. R, 1960. Sutdivision of the Quaternary alluvium east of the
Front Range near Denver, Colorado, Geol. Soc. Amer. Bull. Ti:
1541-1544.

1965. Nonglacial Quaternary geology of the southeran
and middle Rocky Mountains, In: Quaternary of the United States,
pp. 243.254,

Sears, Julian D. 1962. Yampa Canyoa in the Uinta Mountains, Colorado,
U. S. Geol. Surv. Prof, Paper 374-I.

Shantz, H. L., and R. Zon. 1924. The patural vegetation of the United
States, Mep: 1:8,000,000. In: Atlas of American Agriswlture,
U, 5. Dept. Agrie.

Shantz, H. L., and R. L. Piemeisei. 1940. Types of vegetation in
Escalante Valiey, Utah, as indicators of soil conditions, U. S.
Dept. Agric. Tech. Bull. 173.

Sharp, Robert P. 1938. Pleistocene glaciation in the Ruby-East Huusboldt

Range, Northeastern Nevada, J. Geomorph. 1: 296-323.

Shaw, C. H. 1909. The causes of timberline on mounteins; the role of
snow, Plant World 12: 169-180.

. 1909. Vegetation and altitude, Piant World 12: 63-65.

Shope, P. F, 1927. Stem and leaf structure of aspen at different
altitudes in Coloredo, &Amer. J. Botan. 1li#: 116-119.

Shreve, F. 1914. The role of winter temperature in determining the
distribution of plants, Amer. J. Botan. 1: 194-202
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. 19k2. The degert vegetation of North America, Botap.
Rev. &: 1g5-216,

. 1915. The vegetation of a desert mountain range as
conditioned by climatic factors, Carnegie Ingt. Washingbton

Publ. 217.

. 1924, Soin temperature as influenced by altitude
and slope exposure, Feology 5: 12 ~136.

1. Insolation is more important then eir temperature in de-
termining soil temperature.

2. Soil temperature decreases with incressing altitude.

3. Soil temperature is higher on south slopes than north.

k. Vegetation differences are due to ingolation and soil
temperature.

5. Maximum temperatures vary more than minima.

6. North/south slope differences are greater at altitude.

7. Night temperatures are as low et low altitudes as at high.

8. In hot weather horth and south exposures become more
differentiated at altitude, less differentisted at low levels.

9. Temperature itself is less important than ratio of
evaporation to so0il moisture.

10. The importance of soil temperature seems to increase

with altitude.

. 19%2. 'Mhe Qesert vegetation of North America,
Botan. Rev. 8:195-248,

Smith, A. D. 1940. A discussion of the application of a climatological
diagram, the hythergraph, to the distribution of natural vegetation

tyres, Ecology 21: 184-191,

Smith, H.T.U. i9k9, Physical effects of Pleistocene climatic changes
in nonglaciated areas: Eolien phenomena, Trost action, and stream
terracing, Bull. Geol. Soc. Amer, : 1485-1516.

Smith, Marion E. 1966. Mountain mosguitos of the Gothic, Colorado,
area, Amer. Midlang Naturalist 76: i25-3150.

Snow, James. 1963. A commarison of several climatic factors oceurri

in three similay al ine tundra environments on the east slope of
the Front Range in Coloradoe, Report for Botany LL2 to Dr. John W.
Marr. In files of the Insti

tute of Aretic and Alpine Research,
Univ. of Colorado.

Snow compared three alpine tundra weather records: Niwot D-1
(12,280), Corona Pass (11,600), and Pixe's Peak (1%,134). He
coencluded that each station measured similar enviromments of -3
wind-exposed summit type, although they are considerably apart in
distance and elevation. Precipitation compared least favorably,
but this is to he expected in such windy sites using unshielded
gages.
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Snyder, C. H. 1951. A statistical study of drainage winds at Denver,
Colorado, Weatherwise 4: 115-117.

Society of American Foresters. 195h. Forest cover types of North
America, Report of the Committee on Forest Types. Soc. Awmer,
Foresters, Wazhington, D.C., 6T pp.

Speiker, E. M., and M. P. Billings. 1940. Glaciation of the Wasatch
Platean, Utah, Geol. Soc. Amer. Bull. 51: 1173-1193.

Fagt-facing cirques line the crest ¢f the wesiernmost ridge
of the northern Wasatch Plateau. No evidence of pre-Wisconsin
moraines was found. Cirques snd valleys are unusually bread
because of wesk sediments horizontally bedded--bergschrund
sapping was consldered to have been especizally effective,

Speiker, E. M. 19%9. Transition between the Colorado plateaus and
the Great Basin in central Utah, Guidebook to the Geology of
Utah, No. k&, Utah Geol. Soc.

Sperry, 0. E. 193%. The rate of growbth of the ponderosa pine in Estes

Park, Colorado, Bull. Torrey Botan. Club 61: 19-3k.

1936. A study of the growth, transpiration and
distribution of the conifers of Rocky Mountain National Park,
Bull. Torrey Botan. Club 63: T75-3103.

Spock, L. E., Jr. 1928. Geological recornaissance of parts of Grend,
Jackeon, and Larimer Counties, Colorado, New York Acad. Sci. Ann.
30: 177-261.

Spreen, William C. 1947. A determinstion of the effect of topography
upon precipitation, Trans. Amer. Geophys. Union 28: 285-290.

This paper describes a graphicsl correlaticn technique for
relating mean winter precipitation in western Coloradc to the
topographlc parameters: elevetion, maximum slope of the land,
exposure, and orientation.

Spurr, V. E. 1898. Geology of the 4Aspen district, Colorado, U. S.
Geol. Survey Monograph 31, 260 pp.

Spurr, S. H. 1952. Origin of the concept of forest succession,
Ecology 33: 426-427.

Stehelin, R. 1943. Factors influencing the natural restocking of
high-gltitude burns by coniferous trees in the central Rocky
Mourtaing, Ecology 24: 19-30.

The author presented esvidence that turf-building activity
by sedges and grasses on burned aress is g major deterrent to
coniferous restocking at high altitudes in Colorado.
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Stark; J. T. 1949. Geology and crigin of South Park, Colorado, Geol.
Soc. Amer. Memoirs 33: 133 pp.

Stewart, G. 19%1. Historic records bearing on agriculture and grazing
ecology in Utah, J. Forestry 39: 362-3T5.

Stewart, G., W. P. Cottem, and S, S. Hutchings. 1940. Influence of
unrestricted grazing on northern salt desert plant sssociations in
westera Utah, J. Agric. Ree. 00: 239-316.

Styber, K. 1961. Precipitetion in the Flagstaff meso-meteorological
network, Univ. of Chircago Research Paper No. 6.

Sudworth, G. B. 1916. The spruce and bglsam fir trees oi the Rocky
Mountain vegion, U. S. Dept. of Agric. Bull. 327.

. 1917. The pine trees of the Rocky Mountain region,
U. S. Dept. Agriec. Bull. 460.

. 1918. Miscellaneous conifers of the Rocky Vountain
region, U. S. Dept. Agric. Bull. 630.

. 1934%. Poplars, principal tree willows, aad walnuis
of the Rocky Mountain region, U. S. Dept. Agrie. Tech. Bull. L20.

Sviale, R. D. 1931. Mammals of the Uints Mountain region, J. Marmalol.
12: 256-266.

. 1932. The ecological digtribution of the mammals
of the north slope of the Uinta Mountains, Ecol. Monogr. 2: 47-82.

Tackle, D. 1959. Silvies of lodgepole pine, U. S. Dept. Agric. Inter-
mountain Forest and Rarge Exp. Sta., Misc. Publ. 19, 24 pp.

Tackle, D., and D. I, Crossley. 1953. Lodgepole pine biblicgraphy,
U. S. Dept. Agric., Intermountein Forest and Range Exp. Sta.,
Res. Paper 30, 5T pp.

Tenner, V. Wm., and C. L. Hayward. 193%. A biological study of the
Ia Sal Mountains, Utah, Report No. 1, Uteh Acad. Sei. 9: 209-235.

Tator, Benjamin. 1949. Vallev widz2ning processes in the Colorado
Rockies, Bull. Geol. Soc. Amer. 60: 1T71-1783.

Terry, W. 2. 1940. Native trees of Utsh and the uses made of them by
the early settlers, Proc., Utah Acad. Sci., Arts and Letters 1T:
115-117.

Fourteen conifers and 20 brosd-leaved trees are listed and
there is & brief discussion of the early uses of each. Some of the
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gpecies were immortant for early timber production and all species

. have been use at some time for fuel. Heavy use by early seti{lers
explains much of the present-dasy paucity of trees and forests in
tke Wasateh brush aress.

Tidestrom, K. 1925. Flora of Utah and Nevada, Contrib. from the U. S.
Nat. Herb. 25: 665 pp.

The introduction to this flora contains a general discussion
of phytogeography of Utah and Nevads, & chapter on plant communities
in this region, and a chapter on the foothill-monterne-alpine flors
and its enviromment. The frontispiece contains a rather generalized
map of the belts of vegetatinn in these two states.

Of more interest to the present transect study are the specific
comparisons that are made with photographs between landscapes in
southwestern United States and in the Xberian Peninsula and North
Africa. Phytogeograpnic comparisons of these two regions of the
world are also presented. For example, meny members of the family
Chenopodiaceae are indicators of an arid climate and a saline soil.
This family is represented by many species in both the Great Basin
and in Spain. The foothill vegetation of Utah and Nevada is char-
acterized by species of juniper of the Sabins group. In the 0ld
Worid, four species of that group of Juniperus are characteristic
of similar areas. The higher slopes in both regions are crowned
with extensive forests of spruce and fir.

Thompson, W. F. 1962. Preliminary note on the nature and distribution
of rock glaciers and other effects of the climste on the ground.
Publ. No. 58, Int. Assoc. Sci. Hydrol., Comm. on Snew and Ice:
212-219.

. 1965. Summit sculpture and regional mountain environ-
ment in the western United States, Absiracts, Intern. Assoc. for
Quaternary Research, VII International Congregs, Boulder, Colorado,
Aug-Sep 1965, 467 pp.

A delimitation of regional mountain environments in the
western United States. Thompson bases his regions on gecmorphology
(especially landscape sculpturing processes), climate, and vege-
tation. A detailed discussion of these r2gions, including reasuns
for the various lardscape types found, is supplemented by excel znt
gerial phctographs.

. 1668. HNew observations on slpine accordances ir the
western Upnited States, Annals of the Assn. of Amer. Geog. V. ?8:-
PO 650-663.

Distribution of alpine summit heights in the western United
States and a theory accounting for widespread accordance of those
heights.
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Thompson, W. F., and A. V. Dodd. 1958. ZEavironmental handbook for the
Camp Hale and Pikes Peek areas, Colorado, US Army Quariermaster
Res. and Eng. Comm., Tech. Report EP-T9: 86 pp., Natick, Mass.

Thornbury, W. D. 1928. G:aciatior on the east slope of the Colorado
Front Range betweer James snd long's Peaks, Unpubl. M.S. Thesis,
Univ. of Colorado, 69 pp.

Threet, R. L. 1969. Geomorphologyof che Wagatch - Uinta Mountain
gonction, 10th Annual Field Conference Guidebook, Intermountain
Assoc. Petrol. Geol: 2h-32.

Treja, A. J. 1923. The red beds of the Front Range in Colorado, A
study in sedimentation. J. Geol. 3i: 192-207.

Tuck, Ralph. 1935. Asymmetrical topography in high altitudes result--
ing from glacisl erosion, J. Geol. 43: 530-538.

Tweto, Ogden. 1947. Pre-Cambrian and laramide geology of the Fraser
area, Front Range and Middle Park, Colorado, Ph.D. Thesis, Univ,
of Mich.

. 1657. Geological sketch of southern Middle Park,
Colorado, Rocky Mtn. Assoc. Geol. Guidebook to Hhe Geology of
North and Middle Park Basins, Colorado, pp. 18-30.

U. S. Dept, of Commerce, Weather Bureau. Climatic Summary of the
United States, Supplement for 1951 through 1960, for Utah and
Colorado.

. Storage gage precipitation Gata for western United
States, 1950-1965.

. Climates of the States. No. 60-5, Colorado,
N - 60");2, Utah&

1030 edition. Climatic Summary of the United
States (Bulletin W). Section 20, western Utah; Section 21,
eagtern Utah; Section 22, western Colorado; Section 23, noxrth-
east Colorado.

. Climatic Summary of the United States. Supplement
for 1931-1952. No. 11-37, Uteh; HNo. 11-5, Colorado.

Vanderwilt, J. W. 1938. Geologicel and ore deposits of the Snowmass

Mountain area, Gumnison County, Colorado, U. S. Geol Surv. Bull., 884.

Photographs show heavily glacisted mountains, cirques rele-
+!vely smzll) and quite weathered, not widely soll-frze like the
Wind Rivere or Sierrss. Verderwilt maps a number of "glaciated
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rock terraces”, all at timberline. Nore extend below 11,000 feet;
upper margins reach 12,000 feet in some cases (map, not text, is
elevation source). Vanderwilt considers the high benches evidence

of a prior stage of glaciation, iater glaciation having trenched
deeper.

Van Houten, F. B. 1957. Appraisal of the Ridgeway and Gunnison

"ti11ites", southwestern Colorado, Geol. Soc. Amer. Bull. 68:
383-338.

Van Tuyl, F. M., and T. S. Lovering. 1935. Phyvaiographic develcpment
of the Front Range, Geol. Soc. Amer. Bull. 55: 1261-1350.

Vestal, A. D. 1914, Prarie vegetation of a mountain front area in
Colorado, Botan. Gaz. 58: 377-400.

. 1917. Foothills vegetation in the Colorado Front
Range, Botan. Gez. 64: 353-355.

. 1919. Fhytogeography of the esgtern mountain front
in Colorado, Botan. Gaz. 68: 153-193.

Wagner, P. 1957. Stiructural vegetation mapping, Ann. Assoc. Amer.
Geog. W7: 363-369.

Wahlstrom, E. B, 1940, Audubon-2ibion stock, Boulder County, Colorado,
Geol. Soc. Amer. Bull. 51: 1739-1820.

194k7. Cenozoic physiographic history of the Front
Range, Colorado, Bull. G=ol. Soc. Amer. 58. 551-572.

1948. Pre-Fountain and recent weathering on Flag-
staff Mountain near Boulder, Colorado, Geol. Soc. Amer. Bull. 59:
1173-1190.

Viakefield, H. 1933. A study of the native vegetation of Salt Lake

and Utah valleys as determined by historical evidence, Proc. Utah
Acad. Sci., Arts and Letters 13: 11-16.

Waldrop, H. A.; Jr. 1962. Arapanoe Glacier, Boulder County, Colorado,
Unpubl. M.S. Thesis, Univ. of Colors?z, 91 pp.

Learr gy

A very compiete summary of the fluctuations of the small
Arapshoe Glacier (largest in the southern Rockies) over the pass

60 years. Also, a detailed amalyeis of the structure and budget

of this "drift" glacier. Noies that, although the glacier is

much smaller than it was around the turn of the century, it has
grown in recent yesars.
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- 1964. Arapshoe Glacier: a sixty-year study.
Uuiv. of Colorado Study., Ser. No. 3 in Geclogy.

Ward, G. H. 1953. Artemizla, Section Seriphidium, in North America,
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The scuthern Rocky Mountains ars considered to be those ranges
to the south of the Wyoming deserts, west of the Great Plains,
north of Santa Fe, New Mexico, and westward to snd including the
Wasatch, Uinta, La Sal, and Absjo Mountains in Utah and the San
Francisco Pegks of Arizons. This region represents a logical
floristic unit for consideration by planlt geographers because it
is effectly isclated from floristic traffic on all sides by plains,
deserts or lower mountaln ranges.

This report gives an historical review of vegetation studies
in the southern Rocky Mountains, a brief discussion of late

Cenozoic foseil plants from Ceolorado, and a detailed discourse on
the origin of the modern flora.
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The most favorable weathey map situation for strong winds
over and near the Wasatch Mountains is a large anigh northeast
and a vigorcus low in Utah and Arizone.

Cold air tends to spill down the canyons themselves and
remzin there. Destiructive winds are more widespread over the

Wasatch winds of northwest Utah, Weather-
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valleys to the west in the spring because the mors unstable air
allows the surface and sair aloft to mix more readily, bringing
the strong easterlies down to the surface.

Williame, Philip, Jr., and Eugene L. Peck. 1962. Terrain influences
on precipitation in the intermcuntain west as related to synoptic

situations, J. Applied Meteorol. 1: 343-347.

Precipitation in the Wasatch Front area of northwest Utah
was analyzed with regard to different storm types. It was found
that precipitation associated with "cold lows" aloft was rela-
tively greater at velley than at mountain stations when compared
with cold or warm frontal precipitation. Also, the precipitation
profile across the mountain range differed with "cold lov" and
"non-cold low" type storms.

The ratio of the Silver Lake Brighton (8,700 feet) to Salt
Lake City (4,220 feet) precipitation varies from 3.75 - 1 for
the non-cold low storms to 2.45 ~ 1 for the “"cold low" storms.
In "cold low" type storms, precipitation may result with rela-
tively little dependence on orographic lifting, as compared to
other storm types, and the precipitetion ratios, mountain to
valley stations, is relatively small.

Classirication of the "aon-cold low" storms were: 1) over-
running warm air, 2) precipitation followirg 2 cold front, 3)
miscelipneous or air mass <howers: pre-warm frontal or post-
warm frontel precipitation in moist air cwrrents. Ratios were
5.5 - 1 for wvarm front, 7 -~ 1 for cold front, arnd 9 - 1 for mis-
cellaneous.

The precipitstion ratio in the lee of the mountein range
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northeastern Arizona, Ecology 28: 113-126.

By pigmy conifer is meant the juniper-pinyon forest which
extends from southern Idaho and southwestern Wyoming southward
into Mexico. This forest type covers about 20% of Uteh and is
scattered over the entire state. The pigmy conifer forest lies
mainly within the precipitation belt of 10 to 15 inches and most
discontinuities in this foreet (usually with alternating sage-
brush) are associsted with differences in moisture-supplying
conditions of adjacent soil-types.
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There is an implication thait sagebrush can persist in areas
where there is less available water than that required for the
pigmy conifers, but evidence on this point is not conclusive.

For example, Woodbury mentioned that where sagebrush and Jjuniper
come together on intermediate solls juniper seedlings become
estabiished beneath the sagebrush and eventually replace the sage-
brush.
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climatic conditions.
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scale of 1:750,000. Three additional maps at a scale of 1:34,200
provide the following detalls for specific catchment basins or
canyons: species corposition (osk, maple, aspen, birch, mountain
brush, sagebrush, or grass); percentage cover by rock slides and
rock outerops, steepness of slope, and soil depth.
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